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ELECTROTHERMIC 


THE NEW NAME WITH THE FAMILIAR RING! 


This new name combines three old names of the Induction 
Heating business—Ajax Engineering, pioneer in 60-cycle melt- 
ing; Ajax Electrothermic, pioneer in high-frequency melting; 
and Magnethermic, pioneer in Induction Billet Heating. 

This old ‘‘new"’ company now offers the most complete line of 


induction heating 
ou only business” 


Induction Heating equipment, the most experienced staff and 
the largest facilities of any manufacturer of Induction Heating 
equipment. This combination of experience, facilities and 
product line permits an unbiased evaluation of your heating 
or melting application. 


GENERAL OFFICES 
P. O. BOX 839 
Youngstown 1, Ohio 


TRENTON DIVISION 
930 Lower Ferry Road 
Trenton 5S, New Jersey 


YOUNGSTOWN DIVISION 
3990 Simon Road 
Youngstown 1, Ohio 
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The cover shows a glowing hot rocket case being withdrawn from 
a_controlled- atmosphere pit furnace after heat treating to 
1900° F. The furnace is installed at the San Diego plant of Solar 
Aircraft Co., who made the picture especially for Metal Progress. 


Technical News in Brief 


Aluminum Gains in the Automotive Field . . . Titanium: New Applications and Revived 
Hope . . . New Steels: High-Nickel System and a Modified Alloy . . . Special Paints for 
Missile Heat . . . Cryogenic Gyroscope Has Long Life . . . High-Strength Pipe Solves 
Thermal Stress Problem . . . Beryllium Fasteners Offer Special Properties . . . Materials 
Progress in Nonmetallics for Bearings . . . More About Malleable Iron at Elevated 
Temperatures 


Hydroforging . . . a New Fabricating Technique for Tubing, by M. L. Samuels 
In centrifugally cast tubes of austenitic stainless steel, the coarse columnar structure can 
be broken up by a drastic hydraulic expansion from the inside. Annealing at 1950 to 
2050° F. recrystallizes the cold worked metal (to form small equiaxed grains) and 
removes all residual stresses. Yield and tensile strengths rise 16 to 20% without loss 
in ductility. (G14b; SS, 4-60) * 

Molecular Sieves in Atmosphere Control, by Herbert W. Westeren 
These synthetic crystalline compounds, now being widely used in atmosphere generators, 
have a great affinity for water and other polar compounds, and can separate gases and 
liquids with remarkable selectivity according to their molecular sizes, polarity and 
carbon bond saturation. Specific applications are in gas drying, air drying, and gas 
separation. (J2k, W28a; NM-a) 

A New Class of Lead-Base Alloys, by D. N. Williams, J. A. Houck and R. I. Jaffee 
Experimental work indicates that dispersing a metal powder in lead improves its tensile 
properties. The new alloy is made by stirring powders of low solubility such as copper, 
nickel and cobalt into molten lead. (C5r, Q27a, R6g; Pb) 

A Nitriding Steel That Age Hardens, by W. S. Mounce and A. J. Miller 
This steel contains 5% Ni and 2% Al. It can be nitrided and hardened at the same time 
by an aging treatment in a nitriding atmosphere. The steel is expected to be useful for 
cams, gears, and shafts that need fatigue and wear resistance at elevated temperatures. 
(27d, J28k; AY, Ni, Al) 

High-Temperature Brazing Experiments, by R. R. Ruppender 
Statistical analysis is suggested as a means of resolving discrepancies in results of similar 
fusion welding experiments. Details of a typical experiment illustrate the possibilities. 
(K8, $12) 

A Modified Phase Diagram for Stainless Steel Weld Metals, by W. T. DeLong 
A revised diagram for predicting the amount of ferrite in stainless steel welds accounts 
for the austenitizing efhect of nitrogen in the welding rod. (N8, K9; SS) 

How Boron Affects Corrosion of Type 304 Stainless, 

by J. W. Farrell and P. C. Rosenthal 
Although boron improves the corrosion resistance of wrought Type 304 stainless, the 
protection it gives is not outstanding by present standards. (R2h, 2-60; SS, B) 

Nondestructive Testing in a Steel Mill, by W. A. 

A nondestructive method for testing steel products must be fast, cheap, automatic and, 
above all, discriminatory, Three unique devices, a seam depth indicator, a tube tester, 
and a portable ultrasonic unit, are described. (S13g, S13h; ST) 

Grain Size in High-Alloy Hot Work Toolsteels, by R. F. Harvey 
An isothermal method for Poe grains enables investigation of composition and heat 
treatment effects on high-alloy toolsteels. Tungsten inhibits grain gael, and reharden- 
ing treatments result in duplex structures. (M27c; TS) 
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How grid tray life 


was increased 


rom 4 to 72 months 


Electro-Alloys’ knowledge of thermal 


Figure 1 shows a grid tray used to 
move a solid cube of steel through a 
heat-treat furnace where side burners 
directed flame over the top of the tray, 
Figure 2. After 3-5 months’ service, 
this tray would distort and fail, Fig- 
ure 3. A photographic close-up of the 
failure is shown in Figure 4. 

The user assumed the failure was 
due to inadequate pushing strength. 
With strengthened pushing ribs, the 
redesigned tray lasted only 2-3 months, 
half as long as the original design. 

In view of this behavior, the user re- 
quested an Electro-Alloys design eval- 
uation. The results are shown in Figure 
5. This new tray has a service life of 
5-7 years! 


Pinpointing cause of thermal- 
fatigue failure 


Electro-Alloys found that the original 
tray had been overdesigned. Exten- 
sive knowledge of the subtleties of 
thermal fatigue led to this conclusion. 

Study of the furnace operation 
showed that the zones of heating and 
a heavy cooling concentration were 
the real causes of tray failure. They 
acted in this way: 

On entry into the furnace, outside 
members of the tray heated more ra- 
pidly than inside members. As a result, 
expansion of these outside members 
was restricted by the cooler inside 
members. This set the stage for com- 
pression failure of outside members. 

Farther in the furnace, inside mem- 
bers came up to temperature. But out- 
side members had already forged in 
and were undersized. Now, expanding 
inside members subjected outside 
members to tensile stresses. This dou- 
ble reversal of stresses, compression 
then tension, during every cycle soon 
produced failure. 


fatigue extends service life 1700% 


Any attempt to strengthen these out- 
side members results in earlier failure 
because the increased mass leads to 
the metal fighting itself even more. 


New design solves problem 


The new design, Figure 5, called for 
raising the transverse ribs. This al- 
lowed the heated air to pass under 
the heavy die block. Through this 
simple change, it was possible to bring 
the die block to temperature more 
quickly and to eliminate the high tem- 
perature differential between outside 
and inside members of the tray. 

The result is a 1700% increase in 
service from each tray. 


Avoiding expensive thermal- 
fatigue pitfalls 


Users and designers of heat-resistant 
castings are vulnerable, generally, to 
two pitfalls that lead to losses in serv- 
ice life and operating economy: 

a. Assuming that an alloy operating 
well at 2000°F. will work just as 
well in a different application 
whose maximum temperature is 
only 1700°F. 

b. Too much faith in the calcula- 
tion of applied stresses as the 
measure of the casting’s ability to 
withstand service conditions. This 
is reflected by increasing the size 
or number of restricting members 

. . braces, gussets and tie rods. 

These pitfalls are a natural out- 
growth of the lack of information on 
thermal fatigue . . . the cause of 90% 
of all failures of heat-resistant castings. 

Electro-Alloys is recognized as the 

leading authority on thermal fatigue 
and high-alloy casting design. Hun- 
dreds of case histories — such as the 
one reported here — and the widely 
published test data emanating from 


ELECTRO-ALLOYS DIVISION 
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FIG. 1 


FIG. 3 


FIG. 5 


the Research Laboratory at Mahwah, 
N. J., are evidence of this. 


@ Most recent of these reports is “The 
Mechanism of Thermal Fatigue,” by 
H. S. Avery. Copies of this study are 
available on request. Simply write to 
Electro-Alloys Division, 2012 Taylor 
Rd., Elyria, Ohio. 


Elyria, Ohio 
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Progress in Finishing 


How to Determine Requirements for Rinse Water in Plating Processes, 


Reduced costs in rinsing operations can be achieved by applying some basic principles. 
Here is an example. (L12¢, L17) 


Heat Treating Electroless Nickel Coatings, 


by K. T. Ziehlke, W. S. Dritt and C. H. Mahoney...................0000005: 84 


Electroless nickel coatings containing 7 to 10.5% phosphorus can be heat treated to 
obtain various hardness and ductility combinations. The maximum hardness (1000 dph.) 


is independent of phosphorus content. (Q29, Q23p, 2-64, L28; Ni) 


Cleaning Missile Tanks by Vapor Degreasing, Staff Report.................0.0000eeeees 88 


Developed for cleaning the interior of liquid oxygen tanks for missiles, closed-system 
vapor degreasing is now catching on in the trucking industry. It does the job of removing 
asphalt, mineral, vegetable and animal oils, fats, most resins and plasticizers from tank 
walls quickly and economically. (L12j) 


Special Report on Electroslag Welding 


How Electroslag Welding Is Used in Russia, by Arthur B. Tesmen........................ 118 


Extensive work with electroslag welding in the U.S.S.R. has paid off. The process has 
gained a firm footing in industry and has proved economical and practical in the 


é 


fabrication of heavy items with thick sections. (K6) 


Approach to Electroslag Welding in the United States, Staff Report....................... 123 


Its economic advantage and efficiency already proven by practical experience in Europe 
and Russia, electroslag welding can expect quick acceptance in this country. (K6) 


Campbell Memorial Lecture 


Embrittlement by Hydrogen and Other Interstitials, by Alexander R. Troiano................ 112 


Hydrogen embrittlement is sensitive to strain rate and temperature. Slow-strain-rate 
embrittlement, strain-aging embrittlement, and brittle delayed failure are all mani- 
festations of the same basic phenomenon. (Q26, 2-60; ST, Ti, H) 


Data Sheet 
Constitution Diagram for Stainless Steel Weld Metal, 


by Anton L. Schaeffler; Revised Section by W. T. DeLong.................. 100-B 
Atomic Age Metals Engineering Digest 
Peace by “Balance of Terror”............... 126 Aluminum Castings in Automobiles. ....... . 153-A 
Book Reviews Determining Weld Penetration With 
An Introduction to Controlling Weld Porosity.................. 156 
Reviewed by Frank G. Norris.............. 126 > Neate 
Fatigue Testing in High-Temperature 
Metals of High Purity, : 
4 d by E. E. Th 128 Controlled Environment ................. 162 
Reviewed by E. Treating of Molten Aluminum............... 164 
Sizing Jig in Quench Cycle, Future Heat Treating in Russia.............. 172 
by E. C. Buckingham ................... 129 oan in Deformed Metals................. 178 
i ing Speeds Joining, by E. G. Slotta. .. . 132 A New Metal Forming Process .............. 
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Dangerous Watches on the Loose ............ 134 5 
Bigger, Better and Sounder Forgings, 144 
by H. W. Kirkby and F. W. Jones........... ere 224 
What Is a Metallurgist?, by John F. Eckel... ... 142 
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ALCOA 
adds strength 


Vigilante, 
built by North American — 
using new X- 2020 in 
alloys, 


By adding just one per cent or so of lithium as one of the im- 
portant alloying components, Aluminum Company of 
America has boosted the thermal barrier of a high strength 
aluminum alloy more than 100 F... trimmed weight by a 
precious three per cent... raised modulus of elasticity eight 

per cent. New alloy X-2020 maintains strength up to 400 F, 

roughly equivalent to aircraft skin temperature at speeds 

of 1,600 mph. 

A little lithium does things for this aluminum alloy . . . just 
as it does things for magnesium, lead, and most other non- 
ferrous metals. Add ten per cent lithium to magnesium, and 
you have the highest strength-to-weight ratio of any known 
system. Minute quantities of lithium, the lightest metal, added 
to lead, one of the heaviest, create an alloy that’s tougher, 
stronger, and easier to form. 

Three hundred references discussing the effect of lithium ; FOOTE MINERAL COMPANY 
additions on non-ferrous metals have been compiled by Foote j é 
in a definitive bibliography, available on letterhead request. 

Write Foote Mineral Company, 424 Eighteen West Chelten 
Building, Philadelphia 44, Pa. 
Circle 564 on Page 48-A 
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Word-Wise — Being an editor, the Editor-in-Chief is more- 
than-usually interested in using words in their correct meanings — 
“semantics” is the $64 word for it. Meanings can get badly turned 
around, word-wise (to use a hated cliché). For example, we 
Americans call our representative government a democracy while 
the Russians use the same word for their tyranny. Only the other 
day I was in a committee meeting and one member was talking 
about “designing” and “designers” of metallic parts, and I was 
picturing to myself all the time a chap bending over a drawing 
board, when suddenly I discovered the speaker was talking about 
choice of metallic alloy, its fabrication and heat treatment to per- 
form certain services —a matter I would call “engineering”. Over 
and over again, also, teachers in American colleges are caught using 
“engineering” and “science” as synonyms. Finally is the regrettable 
trend toward lumping together everything used by mankind under 
the heading of “materials”, a matter which reached an extreme in a 
recent “Guide to the Scope of the Engineering Materials Program 
of the Atomic Energy Commission”. When you turn to the pages 
describing “Metallurgical Equipment and Processes”, you do not 
find mention of, say, cast steel for roll housings, as you might 
expect from the book’s title of “Materials”, but: “Includes equip- 
ment for fabricating graphite, metals, compacts and ceramics.” 
Since when has “equipment” started to mean “materials”? 


Press Breaks in January carried a comment that secrecy in tech- 
nical matters is likely to harm the hider more than it helps him. 
An extension to that remark would be that it also harms his industry, 
his nation and civilization itself. This is emphasized in M. Postan’s 
chapter entitled “Why Was Science Backward in the Middle Ages” 
in the very readable “Short History of Science” (a Doubleday paper- 
back). Professor Postan blames the stagnation in the arts and indus- 
tries on the regulations adopted by most towns to fix prices and 
protect individual masters from competition; the technical methods 
in existence were fixed, frozen. “To take an example, the machine 
for throwing silk invented in 1272 by Borghesano of Bologna was 
not to be known outside Bologna unti] 1538.” An exception was 
that of building, which developed very rapidly. “Medieval building 
was in the hands of masons who were ‘free’, free in the sense that 
they were migratory laborers seldom subject to supervision and 
technical control by town governments.” 


Editors Thum and Gray were recently at Oak Ridge National 
Laboratory attending a meeting of the U. S. Atomic Energy Com- 
mission's Advisory Committee on Industrial Information. Its Tech- 
nical Information Services, centered in Oak Ridge, have on file about 
100,000 scientific, engineering and technical reports generated in 
A.E.C, operations. Robert Shannon, in charge, says that the com- 
monest letter he receives starts out “Where should I go in Wash- 
ington to see your paper on . . .”, but as a matter of fact, there are 
90 “depository libraries” scattered throughout the states; at any of 
them anyone can get as much current information as he could in 
Washington or in Oak Ridge. Use the depository libraries! 
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LOMA 


14%” & 6” x 8” Heavy Duty 
2-high/4-high Combination 

Rolling Mill at Westinghouse 
Atomic Fuel Department 


need special metal 
processing machinery? 


Whether it’s continuous cast- 
ing of non-ferrous alloys; sawing 
of billets, slabs, rods, tubes and 
other sections; rolling of sheet, 
strip or shapes; and straightening 
of extrusions or flat stock; 
chances are you'll find the answer 
to your mechanical and metallur- 
gical processing problems at 
LOMA. Our experienced engineer- 
ing organization and manufactur- 
ing plant specializes in the con- 
struction of custom-built metal 
processing equipment. Our mach- 
inery can be made for manual or 
automatic operation, with direct 
or remote control, in single 
units or integrated facilities for 
laboratory or high production 
application. 


Our standard line of 
equipment includes: 


@ Casting Machines and Molds 

@ Saws and Cut-off Machinery 

@ Hot and Cold Rolling Mills 

@ Rod and Tube Draw Benches 
@ Roller and Stretcher Levellers 
@ Air and Hydraulic Tube Testers 


LOMA 


MACHINE MFG. 
14 East 32nd Str 
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\ Low ‘ . for accurate final polishing 


Low speed polishing is increasingly popular for the final step, particularly 

where soft non-ferrous metals are encountered. The production of smooth 

| polished samples with a minimum of surface scratches and disturbed metal 

THE BUEHLER line of is the outstanding feature of this low speed Buehler Polisher No. 1505-2. 
specimen preparation Built to operate at selective speeds of 150 r.p.m. and 250 r.p.m. through a 
equipment includes — positive gear head drive housed in an oiltight base, this polisher represents 
CUT-OFF MACHINES © SPEC. the highest development i in equipment for precision finishing of specimens. 
IMEN MOUNT PRESSES ¢ This polisher is also perfectly suited to the wax lap or lead lap polishing 


POWER GRINDERS EMERY techni her ay metailar 


eae seen The 8” diameter polishing disc is attached to a countershaft by a tapered 

CLOTHS AND ABRASIVES sleeve. This tapered fit and long span between bearings assures smooth 
operation. The motor is 4% h.p. single phase ball bearing, operating on 
110 V., 60 Cycle AC current. Shipping weight, 80 Ibs. 


2120 GREENWOOD ST., EVANSTON, ILLINOIS, U.S.A, 
Circle 462 on Page 48-A 
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HIGH FREQUENCY 


TYPICAL INDUCTION 
HEATING APPLICATIONS 


PLASTIC COATING 
OF TOOL HANDLES 


A production line operation for 
coating handles of tools at Whitney 
Metal Tool Co., Rockford, Ill. uses 
induction heating with excellent re- 
sults. The handles only are heated 
by induction to the desired tem- 
perature then dipped into a vinyl 
chloride base coating material for 
a short period depending upon the 
thickness of coating desired. The 
plastic coating formed on the han- 
dles is then cured by immersion in 
a carbo-wax bath. 


FORMING OF METAL STRIP 
FACILITATED BY 
PROGRESSIVE ANNEALING 


© sree sine STEEL 


Metal forming operations which 
require intermediate anneals to re- 
store ductility can be facilitated by 
induction annealing the strip pro- 
gressively. Diagram illustrates this 
procedure for partially formed thin 

tenitic stainless steel strip. The 
induction annealing operation is 
scheduled in the production line 
between two press operations. 
Metal strip and wire of other mate- 
rials are also induction annealed 
in this manner. 
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Electronic Tube Generators from 1 kw to 100 kw. 


55th STREET and 37th AVENUE, WOODSIDE 77 
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In a number of highly stressed components subject to extreme high and low 
temperature fluctuations, high-performance titanium in the X-15 Research 
Vehicle will help take man higher and faster than he has ever been before. 


Republic Steel—a leading supplier of titanium, and the nation’s largest 
producer of stainless and alloy steels—is supplying North American Aviation 
with Type 110A titanium for internal structures on the X-15 project. 


Let us help you utilize high-performance metals to increase strength, 
resist heat, or trim weight. Write Republic Steel, Dept. MP -8591, 
1441 Republic Building, Cleveland 1, Ohio. 


Please indicate if you would like a titanium metallurgist to call. 


REPUBLIC STEEL xe 


FIRST POWERED FLIGHT of the North American X-15 came on Sep- 
tember 21, 1959, over Edwards AFB. Carrying a full load of fuel 
(note frost from liquid oxygen at top and bottom of fuselage), the X-15 
flew under power for 3.5 minutes at speeds in excess of Mach 2. 


REPUBLIC’S NEW HIGH 
STRENGTH POWDER, TYPE HS6460 


is ideal for sinterings of highly stressed com- 
ponents. Provides minimum tensile strength of 
60,000 psi at 6.4 density as sintered . . . 100,000 
psi after heat treatment. Maximum of .004% 
shrinkage from die size at 6.4 density. Available in 
quantities up to and including 12 tons or multiples. 
Can be used with existing operating equipment. 


es REPUBLIC STAINLESS STEEL is used in leading edges 
“Tie of the Convair 880's vertical fin and horizontal 


te stabilizer where anti-icing is accomplished through REPUBLIC VACUUM-MELTED ALLOYS heat treated to tensile strength 
i : electrical heating of the metal. Use of Republic levels of 270,000 to 300,000 psi are produced in fifteen > 
ENDURO® Stainless Steel increases strength and thousand-pound heats for missiles such as the Minuteman. 
heat-resistance, permits thinner, lighter gages. Vacuum arc process minimizes segregation and center 
Types 301 and 302 are readily formed into porosity. Nonmetallic inclusions are reduced in number and 
desired shapes by cold forming, drawing, and size. Transverse ductility at high strength levels is also greatly 
bending operations. improved. 
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Inserts match thermocouple alloy 


e Inserts easily interchangeable 


e Color coded discs for easy calibration 
identification 
Number discs for easy identification of 
individual T/C’s 


QuiK-Konnect* thermocouple components 


For accurate, swift, and foolproof connection 
of thermocouples to extension wire 


New QuiK-Konnect plug and jack bodies give . Single-jack panel that fits 34-in. knockout. 


fast, easy, and foolproof extension wire connec- © delet ind 1 that fi 
tions in plant, laboratory or test cell ts standard 
installations. 

diff di Bask 4 3. Multiple jack strips. 
Inserts have different diameter positive an 4. 


negative poles, for foolproof connection . . . are 
extremely easy to remove for field calibration 5. QuiK-Kords* for patch programming mul- 


change or replacement. Various tube adapters tiple jack panels. 

are available to protect small-diameter thermo- You can get complete details from your nearby 
couples, and cable clamps can be supplied to Honeywell field engineer. Call him today... 
protect extension wires from fraying or tearing. he’s as near as your phone. 

The QuiK-Konnect line, in addition to plugs MINNEAPOLIS-HONEYWELL, 21 Penn St., Fall } 
and jacks, includes: River, Mass. 


*Trademarks 


Couttol 


SINCE 1865 


Circle 464 on Page 48-A 


METAL PROGRESS 


"S| 
| 
1, A 2 
i 
ne 
f 
| 
| 
=| 


[fy 


Another Report on AIR-4 TOOL STEEL: 


“These clamping bars machined like a dream, 
and distortion was kept to a minimum.” 


The clamping bars above, of Bethlehem 
Air-4 tool steel, were made by Miller 
Tool and Die Company, Gloucester, N.J. 
John J. Nesbitt, Ine., Philadelphia, uses 
them for holding and expanding metal 
tubing. The dies, hardened to Rockwell 
C 57-58, were each machined from a piece 
of Air-4 1%4 in. thick, 34% in. wide, and 
about 8 in. long. The over-all tolerances 
were plus or minus .002 in. 


Easy to Machine, Low Distortion 

According to our local tool steel dis- 
tributor, Horace T. Potts Company, the 
customer reported that the machinability 
was “like a dream.” And they were also 
delighted with the lack of distortion 


FEBRUARY 1960 


during heat-treatment—“best distortion- 
resisting grade we’ve ever used for this 
type of die.” 

Hardens in Air at 1550F 

Air-4 is our new free-machining 
medium-alloy tool steel. It hardens in air 
at low temperature—about 1550F. It has 
excellent free-machining characteristies 
because of its addition of lead. Air-4 also 
has superior wear-resistanee, high tough- 
ness, and deep-hardening properties, 
making it ideal for long tool life. 

If you would like to have additional 
information about Air-4, get in touch 
with your Bethlehem tool steel distrib- 
utor. Better still, order a trial bar and 
put it to work in your shop. 
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BETHLEHEM TOOL STEEL 
ENGINEER SAYS: 


The Direction 

of Grinding Marks 
Affects the Life 

of Tools 


It might be well to take a good look at 
your tool-grinding practice, because it 
has been proved time and again that the 
direction of grinding marks has a direet 
bearing upon tool life. This is especially 
true with such tools as deep-drawing dies, 
and punches that have a moving contact 
with metals under high pressures. 

No matter how fine or smooth the 
surface finish of ground tools may appear 
to be, don’t be fooled-—it actually has a 
saw-tooth contour. Material which moves 
parallel to the grinding marks shows 
much less tendency to “pick up,” or ad- 
here, than material moving across the 
grinding marks. But this “pick up” of 
material can’t be permitted on such tools 
as drawing dies, where it’s advantageous 
to grind in the same direction as the 
material moves. On some types of tools 
this kind of grinding is diffieult, but the 
longer tool life justifies the effort. 
Punches which are ground longitudinally 
last much longer than those ground cir- 
cumferentially, the most common method. 
Here also, longitudinal grinding is in- 
convenient, but worthwhile. 

Although the direction of grinding 
on tools isn’t given much thought in the 
average shop, it is often a big factor in 
getting the best possible tool life. 


Send for 
TOOL STEEL LITERATURE 


If you would like to receive booklets on Bethlehem 
tool steels, indicate your choice on this coupon, and 
mail to Room 1044, Publications Department, Beth- 
lehem Steel Company, Bethlehem, Pa. 


Hot Work Oil and Air Hardening 
High Speed Special Purpose 
J Carbon and Carbon- [) Lehigh H (High 
Vanadium Carbon, High Chrome) 
Shock Resisting Bearcat 
Hollow Bar Tool Steel Selector 
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LITHIUM CHEMIS 


LCA Acquires Fulton-Irgon 


The Fulton-Irgon Corporation, a pioneer 
in propellants and rockets, was acquired 
recently by Lithium Corporation of 
America. This purchase will provide 
LC A with research and production abil- 
ities in the broad field of missiles, rock- 
ets and advanced aircraft systems. 
Continuing operation as the Fulton- 
Irgon Division, the new acquisition will 
enable LCA to provide better service 
to its present and potential customers 
since lithium chemicals and lithium al- 
loys are already under active investiga- 
tion in this field. 


LITHIUM IN BRIEF 


New developments involving lithium are 
constantly appearing in the literature. 
Each month some will be reported here. 
For further information, write our Sales 
Service Department. 


Lithium, included in alloys for vapor 
coating with silver, prevents dark resi- 
due formation on vaporization filament. 
(1404). 


Lithium is added to a self-flowing air- 
proof brazing alloy containing boron 
and based upon copper, nickel and palla- 
dium. (1238-9). 


Old Art Serves Modern Industry 


High conductivity copper, increasingly 
in demand by modern industry, is puri- 
fied by a method pioneered almost 30 
years ago by Osborg and Smith. These 
investigators demonstrated conclusively 
that lithium not only deoxidized ferrous 
and non-ferrous melts, but also per- 
formed a scavenging action and acted as 
a grain refiner of the cast metal. 

To meet the needs of foundry men, 
LCA _ developed the “Lithium Cart- 
ridge,” a cylinder of pure lithium metal 
encased in 99.9% copper, and _ her- 
metically sealed against deterioration. 
Because these new cartridges did not re- 
quire material changes in ordinary foun- 
dry practice, nor specialized equipment 
for effective use, they won rapid accep- 
tance wherever gas porosity, inclusions 
and poor grain structure in castings were 
a problem. 

Lithium, properly applied in quanti- 
ties of less than one part in ten thousand 
of melt, eliminates most of these imper- 
fections. The smallest cartridge will 
treat 50 lbs of copper and the largest, 
2400 Ibs. 

The two other sized cartridges make 


SALES SERVICE DEPARTMENT 
CLEVELAND 14, OHIO 


NEW YORK 17, N. Y. . 
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Aluminum Alloy Containing Lithium— 


New Advance for Supersonic Aircraft 


Higher Thermal Barrier, Lighter Weight, Improved 
Modulus of Elasticity Characterize New Alloy 


An exciting, high strength aluminum alloy containing lithium, called X2020, 
has been developed recently by research engineers at Aluminum Company of 
America. This new metal will maintain its high strength at temperatures up to 400 
degrees F, surpassing the thermal barrier of former aluminum aircraft alloys 
of similar strength by about 100 degrees F. Jet-propelled ships traveling 1600 
mph at operating altitudes develop “skin” temperatures of approximately 
350 degrees F. Conventional aluminum aircraft alloys begin to lose their 
physical properties in the 250-350 degree F range encountered at speeds below 
1300 mph. Presently under consideration for the Vigilante aircraft, X2020 is 
also expected to find applications in future forms of the B58 and other missiles 
and aircraft which fly at speeds which are prohibitive to the use of conventional 
aluminum alloys. 

Another important feature of X2020 which makes it especially applicable 
for aircraft usage is its lighter weight. 

More than 3 per cent lighter than 
previously available aluminum alloys 
and lower in cost than commonly used 


ANNOUNCEMENT 
The uses of lithium in chemistry 


possible treatment of melts of all weights. 


LITHIUM CORPORATION OF AMERICA, INC. 


TITLE INSURANCE BUILDING 
LOS ANGELES 36, CALIF. 


and metallurgy are expanding at a 
rapid rate. To bring you the news 
of the latest developments, Lith- 
ium Corporation of America will 
publish a new series of technical 
news bulletins of which this is the 
first. Additional copies of the 
LITHIUM REACTOR will be supplied 
regularly by mail to readers upon 
request. 

For additional information on 
the items appearing in the LITHIUM 
REACTOR, address inquiries to: 
LITHIUM CORPORATION OF AMER- 
ICA, INC., 
ment, 
Minneapolis 1, Minn. 


Sales Service Depart- 
Title Insurance Building, 


high-temperature resistant metals, this 
new alloy will account for substantial 
reductions in total aircraft weight and 
cost. Modulus of elasticity, of prime 
importance in aircraft design, is im- 
proved 8 per cent by virtue of the 
lithium content of this material. 

According to Alcoa, all mill prod- 
ucts of the new alloy lend themselves 
to standard fabrication techniques 
employed by the aircraft industry. 
Presently available only in experimen- 
tal quantities, X2020 is expected to be 
in full production by the time perform- 
ance properties have been fully de- 
termined. 


LITHIUM CORPORATION OF AMERICA BUILDING NEW LABORATORIES AT BESSEMER CITY 


LC A’s Bessemer City plant where centralized research facilities for the company are under 
construction. The new laboratories, expected to be completed early next summer, will house 


greatly expanded facilities and staff. 


. CHICAGO, 1, ILL. . 
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MINNEAPOLIS 1, MINN. 
BESSEMER CITY, N.C. 
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SHOT THERE WHEN YOU WANT IT 


MISSILE MATIL—even if available—couldn’t improve on 
WaiMet’s ‘speed-where-it-counts’. No matter how we get 
the material from our doors to yours, our internal handling 
of your orders is done with missile-like speed and jet-pilot 
enthusiam. We get your order of casting alloy shot there 
when you want it. Whether your problem is too many specs 
(try our ReMer -U/ alloys) or better properties in tough alloys 
(read our reports on 17-4PH and WI-52) or just regular on- 
time shipments of castings alloys, call on WaiMet, leaders 
in special alloys. 

AND NOW, we’re doing new and interesting things in special 
alloy forging billets and master alloys. 


5320 OAKMAN 


DEARBORN 2, 
LUzon 1-7 
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MELTING AND HOLDING FURNACE-These Hevi-Duty re- to 60,000 pounds, this type of furnace can be used for 


verberatory furnaces provide maximum efficiencies for smelting, billet casting, die casting, permanent mold 
melting and holding aluminum. Available in capacities work, and other foundry melting. 


SCHEMATIC DIAGRA Y EQUIPMENT 
FOR A TYPICA R 1ON PLANT 


BILLET 
PRODUCTION 


MELTING AND HOLDING FURNACE 


EXTRUSION 
PRESS 


DIE PREHEATER 


FROM INGOTS TO FINISHED PRODUCTS...HEVI-DUTY PROVIDES 
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quality furnaces and ovens for aluminum 


Melting, holding, and heat-treating furnaces ... billet preheaters, 
homogenizing and aging ovens . . . engineered to meet your 
production requirements. 


_ Whatever your heating requirements for proc- 
essing aluminum, you can depend on Hevi-Duty 
and specially-engineered furnaces and 
ovens to do the job efficiently and economically. 
Throughout the aluminum industry, Hevi-Duty 
equipment serves in practically every phase of 

y heat-treatment and melting. 


For example: In a typical aluminum extru- 
sion plant, as illustrated in the schematic dia- 
ey Hevi-Duty equipment plays a major role. 

uel-fired reverberatory furnaces provide fast, 
controlled heat for melting and holding metal for 
billet casting. Hevi-Duty homogenizing ovens, 
either fuel- fred or electrically heated, assure 
high quality aluminum billets. Hevi-Duty pre- 
heat ovens are used to heat the billets in prepa- 
ration for extruding. Hevi-Duty tray type ovens 
are used to preheat extrusion dies. Aging of the 
extruded aluminum shapes is accomplished in §¢ 


Hevi-Duty ovens at temperatures to 400° F. 

What’s more, Hevi-Duty offers a complete HOMOGENIZING OVEN —Homogenizing of aluminum logs 
range of electric and fuel-fired heat-treating fur- is accomplished in this Hevi-Duty car-bottom oven at 
naces for rapid solution treatment and aging of temperatures of approximately 1000° F. Finished extru- 
alumion end oh Lam alloys at elevated tem- sions consequently have superior physical properties. 
peratures. 


The application of heat to aluminum is a 
specialty at Hevi-Duty. Our engineers can help 
you boost your product output at lower cost. 
Contact Hevi-Duty first for all furnaces and 
ovens required for processing aluminum. 


ASK HEVI-DUTY 


For more information on the 
complete range of furnaces and 
ovens for aluminum processing, 

write for bulletins 653, 591, and 159. 


SOLUTION TREATMENT AND AGING —Typical Hevi-Duty 
immersed electrode salt bath furnace used for solution 
heat-treating of large aluminum aircraft sections. Fur- 


: i nace illustrated has a pot 20 feet long, 41% feet wide, and 

— A DIVISION OF BASIC PRODUCTS CORPORATION 


HEVI-DUTY ELECTRIC COMPANY, MILWAUKEE 1, WISCONSIN 
Industrial Furnaces and Ovens, Electric and Fuel * Laboratory Furnaces * Dry Type Transformers » Constant Current Regulators 


INDUSTRY’S BROADEST LINE OF HEAT PROCESSING EQUIPMENT 
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Now you can deep draw and bend 
molybdenum sheet at room temperature! 


... With General Electric’s new High-Ductility (HD) Molybdenum Sheet 


we - 


ERICKSON CUP TEST on 0.060” sheet demonstrates high ductility of new 
G-E“HD” Moly Sheet. Both test samples of molybdenum were at room 
temperature. Depth of the draw was increased by 1 millimeter at each 
progression. The ordinary moly sheet (at bottom) “‘exploded’’ at 6mm 
depth—while the new G-E “HD” sheet showed no evidence of a fissure 
until 94mm. Note the reduced tendency of the “‘HD”’ sheet to explode. 
And there's less tendency, also, to delaminate on punching, stamping 
and shearing than with ordinary commercial grades of molybdenum. 


DRAW IT! FORM IT! PUNCH IT!—all without preheating! 
General Electric’s new ‘HD’ Moly Sheet can take it—and 
you can do all these operations in thicknesses previously im- 
possible . . . or requiring up to 1000°F preheating. Even in 
cases where small amounts of heat may be needed, it’s 
always less than with ordinary molybdenum sheet. 


TIME SAVER, MONEY SAVER! The improved ductility of 
General Electric's new “HD” Molybdenum Sheet is of 
particular significance in sheet thicknesses of 0.020” to 
0.125”—as used in electronic tubes and semiconductor 
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diodes, rectifiers and similar products. It has a high melting 
point (2622°C, 4752°F), low vapor pressure, and excellent 
strength at elevated temperatures. So it will be of great value 
to any company using refractory metals. 


PLAN ON G-E “HD” SHEET Available in commercial quan- 
tities, so there’s no better time than right now to get all the 
facts about this new kind of molybdenum. Write: General 
Electric Co., Lamp Metals and Components Dept. MP-20, 
21800 Tungsten Road, Cleveland 17, Ohio. 


BENDS WITHOUT CRACKING... 
EVEN WITH NO PREHEATING! 


Ordinary 0.060” thick molybdenum broke 
at a 20° bend (see photo at left). The 
G-E “HD” sheet of same thickness shows 
no sign of cracking at 90°. Actually this new 
G-E Moly Sheet is so ductile you can bend 
it up to 180° without damage! 


Progress /s Our Most Important Product 


GENERAL ELECTRIC 
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the harder you drive for 


super speed production 
the more you need safe- 
guards offered you in... 


aluminum 


PROOUCTS 


Scovill Manufacturing Company, Mill Products Division, 99 Mill St., Waterbury 20, Conn. Phone PLaza 4-1171 
3SC60 
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features 


to help you take 
full advantage 
of todays 

high speed 
methods and 


machines 


Scovitt's new Matting 
produging clogeet tolarerrcs, finest 
finish Gress and -Algminum Strip ana Shee. 


Metal soundness and uniformity — For more than 20 


years, unique Scovill continuous casting machines have been 
supplying a major part of the cast brass bars and billets used 
to produce strip, sheet, rod, wire and tube .. . over two billion 
pounds of metal that is inherently sounder and more uniform in 
every respect. This means fast running capability, minimum 
down-time and rejects, better quality products. 


Close-tolerance specifications — Modern high-speed fab- 
ricating equipment is increasingly intolerant of what once were 
considered minor variations in grain size, temper, dimensions, 
surface finish. Scovill advanced engineering and quality-control 
procedures, working with new close-tolerance production equip- 
ment, meet or exceed the demands of highest-speed fabrication. 


Selection of the right alloys — Scovill Metals Research 
maintains a continuing program of research into the practical 
needs of mill products fabricators. Scovill’s broad range of alloys 
permits recommendation of exactly the right properties and 
qualities for a given job. 


The industry's most advanced packaging — Packaging 
of Scovill Brass, Copper and Aluminum Mill Products can make 
a specific contribution to speed and efficiency in your operations 
... Save you handling time and space in storage .. . cut production 
down-time and start-up. Scovill innovations include extra-long- 
run coils; Fast-Feed wire packages; easy-to-handle bundling or 
boxing of rod and tube. 


Any fabricator who has made Scovill a part of his competitive 
team knows that these are only a few examples of the down-to- 
earth help and service he can depend upon. Call in Scovill NOW 

. . especially if you want to get ideas and help in selection of 
the BEST meta! for an important new product. 


SCOVILLE MANUFACTURING COMPANY 
Mill Products Division, 99 Mill St., Waterbury 20, Conn., Phone Plaza 4-1171 
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How 


Induction Annealing makes 
copper cable easier to 


handle in the field... 


A world famous manufacturer of quality cable 
now treats its customers to the best with TOCCO- 
annealed cable that’s easier to reel off, easier to 
splice and generally easier to handle in the field. 
Cable segments pass continuously through a 
TOCCO inductor coil at the rate of 23 feet per 
minute for the 800 mcm material illustrated. Many 
sizes of cable segments, up to one million circular 
mils, are annealed on one TOCCO unit. 


TOCCO’s many advantages over conventional an- 
nealing methods include: 
1. TOCCO provides “bright annealing”—no dis- 
coloration. 
2. TOCCO requires just a fraction of the space of 
conventional bell-type furnaces. 


3. TOCCO's output is nearly four times that obtained 
by conventional annealing methods. 


4. TOCCO equipment requires one operator as 
opposed to three required for the bell-type fur- 
nace operation. 

Whether your products involve ferrous or non- 
ferrous materials, look to TOCCO for an econom- 


ical solution to your metal heating problems— 
annealing, brazing, hardening, melting or heating 
for forming or forging operations. 


Mail Coupon Today—NEW FREE Bulletin 
The Ohio Crankshaft Co. Dept. R-2, Cleveland 5, Ohie 
Please send copy of “Typical Results of TOCCO Induction Hardening, Heat 
Treating and Anneoling.” 
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Executives of Latrobe Steel Company—W. G. Dahl, vice president- 
sales; M. W. Saxman, president; -/. E. Workman, executive vice presi- 
dent—witness cogging of milestone ingot embodying the 300,000,000th 
pound of fully-uniform Desegatized tool and die steel produced since 1946. 


300,000,000 Ibs. 
of fully-uniform 


DESEGATIZE 


TOOL and DIE STEE 


for Industrial America 


Made in U.S.A. by skilled Metalmasters 
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quality 


Wher first introduced in 1946, Latrobe’s Desegatized process of manufacture involved 
new and revolutionary melting techniques. This process established new standards of 
quality in high speed steels and high alloy die steels. Here were steels fully uniform for 
the first time . . . no harmful carbide segregation ... steels free from porosity ...no 
weakening centerline inclusions! 

Today, over 30 grades of Latrobe's tool and die steels are produced by the Desegatized 
process, These are availabie in regular analyses or XL and FM analyses containing 
properly distributed alloy sulphides for increased machinability. For manufacturers and 
users of cutting tools and metalworking dies, the full uniformity of Latrobe's Desegatized 
steels continues to mean extra toughness, greater wear resistance and reliable response 
to heat treatment. 

Latrobe's research and development program continues. Not only will the metal- 
working industry benefit from better Latrobe tool and die steels, but the rigorous quality 
standards established through experience have been applied to the field of high strength 
and high temperature steels and alloys now produced for Space Age applications by 
Latrobe—Metalmasters for Industrial America. 

Have a cutting tool, production die or specialty steel application problem? Call upon 
experience ... Call Latrobe! 


LATROBE STEEL COMPANY 
LATROBE, PENNSYLVANIA 


BRANCH OFFICES AND WAREHOUSES: 
BOSTON + BUFFALO + CHICAGO + CLEVELAND - DAYTON 
Metelmastens © DETROIT - HARTFORD - LOSANGELES - MILWAUKEE - MIAMI 


PITTSBURGH - SAN LEANDRO - TOLEDO - NEW YORK « PHILADELPHIA 
Circle 565 on Page 48-A 
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IDEAL FOR NO-CONTACT, CONTINUOUS 
TEMPERATURE MEASUREMENTS ON 


Rubber 

Synthetic rubber 

Tile 

Roofing shingles 

Adhesives 

Blackened or 
unpolished 
aluminum 

Textiles, synthetic 
and natural fibres 

Paper 


Plastics 

Carpeting 

Mineral aggregates 

Chernical flows 

Petroleum flows 

Beverage flows 

Reactor kettles 

Mill rolls 

Furnace or oven 
charges or exteriors 

Foundry molds 


...and many other substances; web processes 
or products; conveyed, rolled or extruded 
products; and stationary objects. 


low-range radiation pyrometer 


0-200° F and other ranges to 1100° F - Direct reading charts, scales 
in F or C- Calibrated interchangeable head units - Automatic built-in 
ambient compensation: Easy emissivity compensation 


Here’s the first radiation pyrometer that really gets down to 0° F. 

It’s the Bristol Velotron Pyrometer System—so sensitive you can sight 
the radiation unit (at lower left above) on your hand and get an accurate 
temperature indication. 

And on the high end, spans and ranges are available up to 1100° F or 
corresponding ranges in degrees Centigrade. 

Charts and scales are direct reading, in degrees F or C, even on the low- 
est ranges. No laborious calibration runs, calculations; no curve consult- 
ing needed! And you get famous Bristol Dynamaster* Recorder accuracy 
—proven in thousands of installations. 

Ambient temperature compensation is automatic, completely contained 
in recorder unit (no third unit needed), and allows use in ambients up 
to 135° F. 

A simple knob adjustment allows compensation for emissivity charac- 
teristics of target material from black body on down. 

Interconnection cables are standard copper wire; no special, pre- 
selected lengths required. 

Write for complete technical data on this outstanding new Bristol con- 
tribution to industrial pyrometry. The Bristol Company, 106 Bristol Road, 


Waterbury, Conn. a *T. M. Reg. U.S. Pat. Of. 


ae Ss for improved production through measurement and control 


AUTOMATIC CONTROLLING, RECORDING AND TELEMETERING INSTRUMENTS 
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High alloy performance 
with Timken’ low alloy steel 


RUPTURE CHARACTERISTICS ‘I7-22-A° STEEL 
-1000° F == = 


4 


STRESS, 1000 PS! 


Li 
400 1900 
‘TIME FOR RUPTURE, HOURS 


“17-22-A" at 1000°F and “17-22-A* (V) at 100°F. 


You keep maximum strength up to 
1100°F. If you are using expensive, 
high alloy steels for missile engine 
parts, aircraft brakes, gas turbines or 
other high temperature applications, 
try Timken® /ow alloy ‘17-22-A” steels. 
On less than 3% alloy content, you 


FEBRUARY 1960 


get high alloy performance — with 
maximum strength up to 1100°F. 
Besides cutting your initial costs, 
Timken “‘17-22-A” steels have high re- 
sistance to heat checking and thermal 
cracking. They are readily workable 
up to 2300°F. and are easily machined 
and welded. In fact, maximum high 
temperature properties can be devel- 
oped by normalizing and tempering. 
You practically eliminate the chance 
of distortion and quench cracking. 
Want more details on this money- 
saving steel? Send for Technical 
Bulletin 36B. And let our metallurgists 
help solve your high temperature steel 
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problems. They’ve solved thousands 
already. When you buy Timken steel 
you get: 1) Quality that's uniform 
from heat to heat, bar to bar, order to 
order. 2) Personal attention from the 
experts in specialty steels. 3) Over 40 
years’ experience in solving tough steel 
problems. The Timken Roller Bearing 
Company, Steel and Tube Division, 
Canton 6, Ohio. Cable address: 
“TIMROSCO”. Makers of Tapered 
Roller Bearings, Fine Alloy Steels and 
Removable Rock Bits. 


Timken Alloy Steel and Seamless Steel 
Tubing are available from warehouse 
stocks in 44 cities in the United States. 
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First to combine static and 


Featuring a basic system of compatible components, new 
RIEHLE-LOS Hydraulically-Actuated Fatigue Testing Machines 
permit far greater variety and versatility in testing pro- 
grams than is possible with any other machine. Available in 
models with capacities ranging from 12,000 to 300,000 
pounds, new RIEHLE-LOS machines can be. used to perform 
dynamic tests as well as conventional static tests. 

Using the basic system of console, pulsator and loading 
unit, both alternating and fluctuating loadings on test spe- 
cimens can be applied. Infinitely variable frequencies be- 
tween 125 and 1000 c.p.m. can be obtained while the 
machine is being operated by the pulsator. A slow-cycle 
control accessory can be connected to provide frequencies 
from about 5 to 100 c.p.m. 


By including RIEHLE recording and strain measuring in- 


Riehle TESTING 


HINES 


FA 


dynamic testing capabilities 


strumentation in the system, conventional static testing can 
be performed on the new machines. Tension and compres- 
sion tests are done in the same space, so transition from one 
to the other is easily accomplished. 

Other accessories which can be integrated to extend the 
utility of the machines include a programmer to automati- 
cally vary load levels and frequency and General Purpose 
Testing Cylinders for testing large parts and assemblies. 

Installation is simplified because new RIEHLE-LOS Fatigue 
Testing Machines are floor models, requiring no pit. 


OTHER RIEHLE TESTING MACHINES: Hydraulic and Screw 
Power Universal Testing Machines, Construction Materials, 
Impact, Brinell, Torsion, Horizontal Chain, Rope and Cable 
Testing Machines, Portable Hardness Testers for Rockwell 
Readings, etc. 


MAIL COUPON TODAY FOR ADDITIONAL INFORMATION 


RIEHLE TESTING MACHINES 
Division of American Machine and Metals, Inc. 
Dept. MP-260, East Moline, Illinois 


Please send me Bulletin RF-10-59 on the new RIEHLE-LOS 


A DIVISION OF 


American Machine and Metals, Inc. 


EAST MOLINE, ILLINOIS a 


"One test is worth'a thousand expert opinions” 


Fatigue Testing Machines. 


COMPANY 


ADDRESS 


city 
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Ferrous Metals 


High-Strength Steel 
A new high-strength steel is being marketed by Latrobe 
Steel Co. called “Viscount 44 Machinable Steel”. It is high 
in sulphur (for machinability) and of the following com- 
position: 0.40% carbon, 1% silicon, 5% chromium, 1.2% 
molybdenum, 1% vanadium. It is heat treated at the steel 
mill to 180,000 to 220,000 psi., tensile strength, 160,000 to 
200,000 psi. yield, 10 to 15% elongation in 2 in., 15 to 20 
ft.-Ib. Charpy impact, and Rockwell hardness C-42 to 46. 
For further information circle No. 277 
on literature request card, p. 48A and B. 


Nonferrous Metals 


Pre-Stretched Plate 

Heat treated aluminum 
alloy sheet, plate and wide 
bars have annoying out-of- 
flatness. This frequently- 
complex waviness can be 
corrected by cold stretch- 
ing an appropriate amount. 
Kaiser Aluminum & Chem- 


ical Corp. has just placed 
in ration at its Ravens- 


works what is be- 
lieved to be the largest and 
most powerful stretcher in 
existence, capable of tak- 
ing picces of 640 sq. in. 
cross sectional area, or 
plates 6 in. thick, 18 ft. wide and 60 ft. long. De- 
pending on the percentage elongation, the grain size 
of the metal is refined and the unit strength increased 
by the cold work. As shown in the illustration, the two 
heads with unusual gripping mechanism are mounted on 
trucks merely running on a broad gage track. Accurate 
alignment comes through accurate interlocked action of 
the stretching cylinders. Special attention was given to 
protecting the massive equipment from damage by energy 
suddenly released if the plate being stretched should brea 
when the machine is exerting its maximum pull of 30,000,- 
000 Ib. 

For further information circle No. 278 
on literature request card, p. 48A and B. 


Columbium Alloy 
An alloy based on columbium and containing 7.5% 

titanium and 0.75% zirconium is the first of an anticipated 
series of alloys under development by Union Carbide 
Metals Co., designed to strengthen commercial columbium 
and increase its oxidation resistance without additional 
elements which would militate against its use in atomic 
reactors. Rods swaged 88% and then recrystallized (1 hr. 
at 2600° F.) have 60,800 psi. yield strength and 32% 
elongation in 1 in. at room temperature and 100-hr. rupture 
strength of 11,500 psi. at 1800° F. 

For further information circle No. 279 

on literature request card, p. 48A and B. 
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Non-Metals 


Silicon Carbide Resistors 
“Crusilite” is a new tubular design of electric heating ele- 
ment made by Morganite, Inc. In one style, intended ta go 
across the furnace best binding to binding, the end por- 
tions which would be embedded in the refractory walls are 
tubular and hence offer least resistance to the electric cur- 
rent and operate at lowest temperature, but the mid-length 
region inside the furnace chamber is channeled by a spiral 
cut to give a long spiral circuit of lesser area, and greater 
resistance wherein the most of the heat is generated. An- 
other variety of the same style has a larger diameter so 
the resistor itself forms the wall of a small tube fur- 
nace. Still another style has both terminals at one 
end; the portion going through the walls is split - 
tudinally into two conductors, and lead into a doub. 
helix x: en the heat is generated. 
For further information circle No. 280 
on literature request card, p. 48A and B. 


Electronic Materials and Equipment 


Metal Replaces Glass 
All-Metal “Inductosyns” have been introduced 
Farrand Controls, Inc. These are mating zig-zag con- 
ductors aranged either in line or in circle; their purpose 
is to measure or control motion to 40 micro-in. (or one 
second of arc as the case may be). The conductor is of 
copper, 0.002 in. thick. Formerly the conductor was 
cemented to a glass plate of appropriate size or shape; 
now this backing is of son. stainless steel or any 
desired light metal. Thus there is no uncertainty arising 
from different thermal expansions of Inductosyn and the 
machine on which it is mounted. 


For further information circle No. 281 
on literature request card, p. 48A and B. 


Electronic Thickness Gage 

Accurate and fast measurement of thickness of metallic 
and nonmetallic coatings can be made with the new 
“Elcotector”, marketed by Ferro Corp. The terminals set 
up eddy currents which vary with the conductivity of the 
combination of materials under test, and these currents 
then affect the electrical output of the sensing coil. 


For further information circle No. 282 
on literature request card, p. 48A and B. 


Tool Materials 


Gage Blocks 


The DoAll Co. has perfected a stainless alloy and surface 
hardening treatment for the manufacture of gage blocks. 
Surfaces are finished to less than 0.1 micro-in., sm 
enough to reflect the eye of the inspector (see engraving). 
A year-long shop test in competition with conventional 
blocks made of 52100 steel shows no corrosion, no meas- 
urable change in dimension, stable temperature coefficient 
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Close control is exercised over every step in the 
production of Haynes alloys. This electric arc 
furnace is part of the modern mill set-up main- 
tained at HaYNEs STELLITE. 


Blanketing 
the high temperature field 


A fairly ambitious claim! Yet we can prove that Haynes alloys do 
exactly that... all the way up to 2000+ deg. F. Here’s why. 
There are 12 HayNeEs high-temperature alloys. Among them you 
will find the right combination of properties to handle any heat 
condition. For example, HASTELLOY alloy X has remarkable 
resistance to oxidation up to 2200 deg. F. HayNes alloy No. 25 

is strong and resists stresses, oxidation, and carburization up to 
2000 deg. F. HAsSTELLoy alloy R-235 is outstanding in the 

1500 to 1750 deg. F. range. And this is only part of the story. 

All 12 Haynes alloys are production alloys and are readily 
available. Some of them are vacuum melted; some air melted. 
Some are cast, some wrought, and some are produced in 

both forms. For the full story, write for literature. 


HAYNES STELLITE COMPANY 
Division of Union Carbide Corporation 
Kokomo, Indiana 


The terms “Haynes,” “Hastelloy,” and “Union Carbide” are registered trade-marks of Union Carbide Corporation. 
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of expansion, one-millionth wear 
after 600 “wrings” as compared 
with 200 “wrings” for 52100 steel, 
no “brinelling” under loads, and 
one-quarter the nicks and burrs 
from ordinary use. Their rugged 
nature warrants their use in the 
shops, so machine stops can be set 
directly and quickly by gage 
blocks, and they can safely be used 
by ~~ inspectors to hold toler- 
ances down to present-day speci- 
fications. 

For further information circle No. 283 

on literature request card, p. 48A and B. 


Hardened Shapes 
The Ohio Knife Co. has announced new additions to 

its line of ready-made standard hardened shapes. Now 
available in over 12 standard cross sections in over 80 
sizes, these new sections may be used for dies, die sections, 
flange sections, ways, gibs, rails, wear plates, and associated 
uses. Section lengths run to 120 in. The hardening pe 
produces Rockwell C-65 to 66 readings to the full depth 
of the toolsteel along the entire length of the section. 

For further information circle No. 284 

on literature request card, p. 48A and B. 


Industrial Heating 


Luminous Wall Furnace 


Ten minutes from light-up to 2000° F. is claimed for the 
luminous-wall heat treating furnace. Exterior of the furnace 
is a barrel-shaped steel binding. Lining is a porous refrac- 
tory passing a properly proportioned 


Chilling Unit for Production 
Cincinnati Sub Zero Products offers a compact and 

complete unit for chilling (stabilization) of metal products 
or for environmental testing. The cold chamber holds two 
wire work baskets, 33 by 22 by 9 in. in dimensions, 
immersed in a refrigerated liquid at —150° F. which is 
adequately circulated by an agitator draft-tube assembly. 
500 lb. of steel per hr. can chilled from 70° F. to 
—110° F. in this device. 

For further information circle No. 286 

on literature request card, p. 48A and B. 


Wire Heater 
A portable “Reslec” resistance heating unit no larger 
than a three-drawer letter file is now available. The only 
connection needed is to the electrical circuit. Its 5-kw. of 
power can heat wire from 0.05 to 0.20 in. diameter to a 
temperature depending on the power input, diameter, and 
speed of wire travel. Normally the wire is warmed only 
a few hundred degrees prior to drawing 
or heading; such mild preheat has been 
responsible for a ten-fold increase in die 
life when heading plain carbon steels. 
Some important engineering alloys are so 
hard and strong that bolts and screws 
cannot be cold headed unless the stock 
is appropriately heated. Herscott Corp. 
For further information circle No. 287 
on literature request card, p. 48A and B. 


air-gas mixture; thus the brick acts 
as a heat regenerator, the cool gas 
entering from the back side cools the 
body of the refractory while the gas 
flowing through becomes progressively 


hotter. The hot gas emerging burns 
in a short flame and heats the walls 
rapidly, and heat radiates into the 
furnace load. The interior can be 
quickly cooled by substituting com- 


8811 Lyndon Ave., Detroit 38, Mich. 


Tensile Testers 


® Motorized Bench-Mounted 
Easy-to-Operate ®*Low Cost 
Capacities from 1,000 to 20,000 Ibs. 


Available in two general sizes that occupy minimum 
space and provide consistently accurate and depend- 
able results. Simple, easy-to-use controls are con- 
veniently located on front of base. Jaws are quickly 
changed to accommodate specimens of different 
sizes. Operation is hydraulic; powered by 1/6-hp. 
110-v motor. Load gage is protected from specimen- 
fracture shock by rubber mount. Twin load gages 
and floor stand are available as optional equipment. 


Write or call if you have 
any special testing problem 


These machines 
are designed to 
also perform com- 
pression tests. 


Distributors in most 
major metalworking areas 


pressed air for the air-gas mixture. 
A. F. Holden Co. 


For further information circle No. 285 
on literature request card, p. 48A and B. 
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A New HOT WORK Steel 


For Your Most Severe Applications! 


UHB CALMAX is the latest Uddeholm develop- 
ment to meet your highest demands for hardness, 
wear resistance, mechanical strain and impact at 
elevated temperatures. It is a chromium-tungsten- 
cobalt steel and, when cooled in air, hardens through 
in all sizes. In years of testing by a major non-ferrous 
manufacturer, UHB CALMAX demonstrated ex- 
traordinary stand-up-ability to heat checking and 
wear. For hot press-forging, die casting, and extru- 
sion of copper, copper alloys, and other materials 
with high melting points, UHB CALMAX out- 


performed 9% tungsten and similar grades of hot 
work steels by more than 3 to 1. In one instance, 
UHB CALMAX cores for die casting brass pro- 
duced 15,500 parts, as opposed to 5000 with a 9% 
tungsten steel. The air hardening properties make 
heat treatment safe and easy. Distortion after heat 
treatment is insignificant! 

If you need a steel that is simple to harden and 
that has a high hot-hardness, excellent resistance 
to wear and heat checking, contact your nearest 
Uddeholm office, today! 


Ask for the UHB CALMAX pamphlet! 
why UDDEHOLM COMPANY OF AMERICA, INC. 


155 East 44th Street, New York 17, N.Y. ¢ MUrray Hill 7-4575 


BRANCH OFFICES & WAREHOUSES: Long Island City, W.Y.: 22-14 37th Ave., MUrray Hill 7-4575 Cleveland: 4540 East 71 Street, Diamond 1-1110 


Los Angeles: 5037 Telegraph Road, ANgelus 2-5121 Newington, Conn.: 2175 Berlin Tpke., P.O. Box 136, MOhawk 6-5461 


TOOL AND DIE STEELS DISTRICT REPRESENTATIVES: Chicago: Frank J. Mackin, Leroy E. Marshall, 55 East Washington, STate 2-1649 Detroit: Warren H. Nugent, 17304 Lahser Road, 
COLD ROLLED SPRING KEnwood 5-6340 Philadelphia: Frank T. Campagna, 1418 Walnut St., PEnnypacker 5-2114 TOOL STEEL WAREMOUSE DISTRIBUTORS: Rockford, Ill.: Rockford Industrial 


TEELS Steel Service, 2229 Twenty-Third Ave., WOodiand 3-5463 Utica, NW. ¥.: Pacemaker Steel Warehouse, Inc., 1604 Lincoln Ave., REdwood 5-6484 
Circle 474 on Page 48-A 
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Cleaning and Finishing 


Cleaning Torch 


A unit especially designed for fast 
removal of metal from large surface 
areas is shown in the half tone. It is 
especially — for conditioning 
castings. It takes a large electrode, 
5 to % in., and a blast of compressed 


air blows away the metal as fast as 
the electric current melts it. It has 
many safety features such as a rub- 
ber tube or boot over the end of the 
cable carrying both electric current 
and air stream. The Arcair Co. 

For further information circle No. 288 
on literature request card, p. 48A and B. 


Ultrasonic De 


The completely self-contained 
Model AC-25 “Sonogen”, built by 
Branson Ultrasonic Corp., shown in 
the cut, removes soil from intricate 
parts and even from completed assem- 
blies. The cleaning tank has trans- 
ducers to convert Kore energy into 
mechanical vibrations, an ultrasonic 
generator of 40,000 cycles per sec., a 


boiling sump, and a recirculating and 
filtering system for the solvent. After 
degreasing, the work is spray rinsed, 
placed in the vapor zone, and dried. 
A variety of safety devices limit 
evaporation losses, protect the heat- 
ing system from guard 
against leakage, and protect the oper- 
ator from high voltage. 

For further information circle No. 289 
on literature request card, p. 48A and B. 
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BARBER 
COLMAN 


Accuracy of 
4500°F Curtiss-Wright lab furnace 
assured by Wheelco controls 


The furnace. A product of Curtiss-Wright Corpora- 
tion, Santa Barbara, California, the helium atmosphere 
furnace illustrated is designed for continuous operation 
at 4500° F, intermittent operation to 5100° F. An 
extremely compact graphite resistance heating element 
permits a working chamber of 8” high by 4” diameter 
inside a unit only 20” high by 101%” diameter. Cooling 
is provided by flow of water through portions of the 
outer shell. 


Wheelco controls. For exacting control, Curtiss- 
Wright recommends a Wheelco Model 8100 potentio- 
meter-recorder with 100 ohm slide wire, MMC current 
output type magnetic modulated controller, step-down 
transformer, saturable reactor, and a Wheelco-Land 
radiation pyrometer with sensing element and vernier 
adjustment. The MMC controller has an adjustable 
proportional band and automatic reset and rate action. 
The standardization is continuous. 


Complete information and literature on request. 


BARBER-COLMAN COMPANY 
Dept. B, 1518 Rock Street, Rockford, Illinois, U.S.A. 
BARBER-COLMAN of CANADA, Ltd., Dept. W, Toronto 


Export Agent: Ad. Auriema, Inc., New York 
Circle 607 on Page 48-A 
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ALCIED CHEMICAL 


QUESTION- 
TO USERS OF 

AMMONIA FOR METAL 
TREATING...WHAT 
CONTAINER PLEASE? 


For pure, dry, oil-free anhydrous ammonia for 
your dissociators — in the container that best fits 
your needs — specify Allied Chemical. You name 
it—tank cars ... transport trucks... tank wagons 
... cylinders ...and even barges — Allied Chem- 
ical can supply it. 

Plants and bulk storage terminals are located 
at strategic points for fast delivery. Write or call 
for specifications, shipping information or tech- 
nical assistance. Remember, you can equalize 
freight, but you can’t equalize experience. No- 
body has more ammonia experience than Allied 
Chemical. 

For specifications and local offices, see our insert in Chemical Mate- 


rials Catalog, pages 475-482 and in Chemical Week Buyers Guide, 
pages 37-44, 


BASIC TO 
AMERICA'S 
PROGRESS 


NITROGEN DIVISION 
AA4-16-1 40 Rector St, New York 6, N. Y. 
Circle 566 on Page 48-A 
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SERVICE 


A MAJOR 
BREAK-THROUGH 
IN MODERN 
RESEARCH 
TOOLS 


FEATURING 

A MACHINE 

THAT FINDS 
INFORMATION 


Write for 
complete details: 


ASM 


DOCUMENTATION 
SERVICE 


Metals Park, 
Dept. P2 


NOVELTY, OHIO 


FEBRUARY 1960 


Inspection and Control 
Motorized Hardness Tester 


Now available from Torsion 
Balance Co. is a newly designed 
hardness tester utilizing the in- 
dentation principle. To eliminate 
much of the personal element and 
operator fatigue, it automatically 
removes the major load after the 
test is completed. It can be used 
for either regular Rockwell tests 
or the superficial Rockwell test, 
and a design is available in which 
both tests can be performed in a single machine. 

For f r information circle No. 2906 
on literature request card, p. 48A and B. 


Vacuum Gage 
A rugged and simple vacuum gage is now marketed by 
NRC Equipment Corp. which measures gas pressure by 
the amount of heat the residual gas conducts away from a 
hot wire. The sensing element is a combination heater and 
thermocouple. Cross-shaped, it is formed by spot-welding 
the mid-points of two short resistance wires of different 
compositions. With a known current from batteries flowing 
through one wire, the temperature at the junction, which 
depends on the conductivity of the gas (and therefore on 
its pressure), is indicated by the electromotive force sent 
out through the other pair and conducted to a direct read- 
ing millivoltmeter calibrated to microns pressure. The scale 
reads from 2 mm. Hg down to | micron. The equipment 
box weighs 3 Ib. and its face shows only the millivoltmeter 
and three control switches. It slips readily into a brief case. 
For further information circle No. 291 
on literature request card, p. 48A and B. 


Equipment 
Billet Marker 


Putting identification marks on billets, slabs or blooms in 
the rolling mill has always been a difficult, costly and 
fatiguing job, An almost completely automatic machine 
for this chore has now been designed by Jas. H. Matthews 
& Co. The stamping head aligns itself to the surface of 
the cut billet end and imunodiately a powerful impact 
drives the character wheels into the metal to be marked. 
Thereupon the head retracts and a set of indexing wheels 
lowers and engages the stamping wheels. An operator at a 
remote console indicates what changes are to be made; 
by electrical circuits the proper stamping wheel or wheels 
are moved to new position; the characters appear on the 
console for the operator to verify; the indexing mechanism 
disengages itself and the machine is ready for the next 
operation. 

For further information circle No. 292 
on literature request card, p. 48A and B. 


Parts and Shapes 


Aluminum Tube Turns 
A considerable amount of tubing with walls 35% thinner 

than standard are used throughout American industry 
today where pressure and other conditions can be safely 
met. Fittings for such pipe are available in nickel alloys, 
and Tube Turns is now making “Pipe-Mate” fittings of 
Type 6063-T 6 high-strength aluminum alloy. These are 
readily joined by butt or fillet welding, brazing with an 
aligned connector, and by “rolled-in” flange assembly 
wherein the Pipe or fitting is expanded into an aluminum 
insert and the flange rotates easily about the insert for easy 
alignment of bolts. 

For further information circle No. 293 

on literature request card, p. 48A and B. 
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ME ADE 
for you... 


We can now make, and deliver in 
every shipment, the exact type of 
“Malleabrasive’’ shot or grit that will 
do your particular job best... and at 
lowest cost to you. 


With new, precision controlled 
equipment and specialized techniques 
*‘Malleabrasive"’ is now job-made to 


meet each individual cleaning condition. 
Why settle for make-shift, 


general purpose abrasives 
when you can have 


tailor-made 
for you? We'll welcome the 
chance to tell you how 

you can benefit. 


THE GLOBE STEEL ABRASIVE CO. 


Mansfield, Ohie 


Seld by many leading distributors of foundry 
supplies from coast to coast. 


Circle 603 on Pege 48-A 
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Take 
your buyer 


FROM DRAWING BOARD 


TO FINISHED PRODUCT... 


j 


FASTER WITH NICKELOID 


Finished Raw Material Fabricated with 
Standard Production Methods 


In tune with the times, are Nickeloid Metals. They pro- 
vide design freedom and manufacturing sim iveity 
with three of five production steps eliminated. The 
Nickeloid Method gets a new model or product rolling 
in production, fast! Quicker to shipping dock . . . saves 
on tooling and equipment outlay . . . lower inventory 
of parts in process. They simplify, simplify, simplify: 
in design, in purchasing, in production. Made as on 

61 years of ete know-how can refine'a product with 
deep-down durability and quality. Practical: can be 
formed, stamped, bent, crimped, seamed, blanked, 
soldered, etched, spot-welded. Gleaming finishes of 
chromium, nickel, copper, or brass electroplated steel 
and other base metals. Sheets, strips, coils — polished 
or satin. A galaxy of breath-taking stripes, patterns, 
crimps and textures. Protective Mar-Not coatings. See 
Sweet’s Catalog for additional information, or write us 
for Introductory Kit, which includes metal samples. 


write or CALL COLLECT, Pittsburgh Piate Glass Co., — 
Brush Div., 3221 Frederick Ave., Baltimore 29, Md. American Nickeloid Company 
x : Peru 2, Illinois 
Plants: Peru, Ill., and Walnutport, Pa. 
PITTSBURGH PLATE GLASS COMPANY 
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IMPORTANT 
MESSAGE FOR 

STEEL 
FURNACE 

OPERATORS 


The performance requirements of graphite in nuclear 
and space age applications are spurring advances in graphite 
technology that were unheard of a few short years ago. 


Research and development progress attributable to these 
newer graphite uses is rapidly adding to the fund of 
technical knowledge of graphite’s unique properties, 
and to increasingly tighter controls in its manufacture. 


GLC graphite is now employed in many of today’s 
new applications such as nuclear moderators, missiles, 
rockets, honeycomb steel brazing and so on. 


Users of GLC electrodes in electric steel furnaces can be 
sure that GLC graphite specialists are making significant 
contributions in these advanced technological areas— 
and that their findings are being translated into 
improvements in GLC electrode columns and superior 
customer service. 


We welcome opportunities to assist you in lowering 


Uc, 
electrode costs per melt ton. 


oivision 
CAN 


GREAT LAKES CARBON CORPORATION 


18 EAST 48TH STREET, NEW YORK 17, N. Y. OFFICES IN PRINCIPAL CITIES 
Circle 599 on Page 46-A 
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FAMOUS NAMES 


ride on WISSCO BELTS 
Norwalk Powdered Metal Products, Inc. 


Metal components being conveyed into a sintering furnace at the Norwalk 
Powdered Metal Products plant. These components ride on a Wissco Belt through 
temperatures up to 2050° F. 


This is the Image of CF&I. He symbolizes the modern manufacturing 
techniques that assure the long-range dependability of all CF&I steel 
products, including Wissco Metal Belts. 


The story of Wissco Belts is best told by their users: For 
instance, Mr. Harry Moss, Production Manager for Norwalk 
Powdered Metal Products, Inc., of Norwalk, Conn., reports: 
“We use Wissco Belts exclusively because they last so 
long and because they can be replaced within minutes. In 
the course of its working lifetime, the average Wissco Belt 
we employ conveys 25 million powdered metal parts through 
sintering furnaces—at temperatures up to 2050° F, 24 hours 
a day. We are sold on Wissco Belts because they last an 
average of four months longer than competitive belts.” 
The durability of Wissco Belts was stressed by an incident 
which happened one weekend when the furnace was unat- 
tended. A failure of the driving mechanism occurred on the 
furnace, immobilizing the 60’ x 12” Wissco Belt throughout 
Saturday and Sunday. Norwalk’s production department was 
impressed by the fact that the section of the belt within the 
furnace withstood this unnatural concentration of heat so 


successfully during the entire period. This belt is still being 
employed, without any repairs required. 

There’s a Wissco Belt designed for every processing- 
conveying operation. A CF&l engineer will be glad to survey 
your production set-up and recommend the Wissco Belt that 
will make your operation more efficient and economical. 
For complete information, call the nearest CFal sales office. 


THE COLORADO FUEL AND IRON CORPORATION STEELS & 


In the West: THE COLORADO FUEL AND IRON CORPORATION 
Denver and Oakland 
in the East: WICKWIRE SPENCER STEEL DIVISION — Atlanta - Boston 
Buffalo - Chicago - Detroit - New Orleans - New York - Philadelphia 
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Cold rolled anneal and pickle line at Jones & Laughlin Steel Corporation’s Louisville, Ohio plant 


Wean, JL and Stainless... 


Eleven continuous processing lines 
at Jones & Laughlin’s impressive 
new stainless plant—all designed 
» and built by Wean Engineering— 
demonstrate the versatility of 
Wean’s abilities in this field. From 
’ conditioning of incoming coil, 
through annealing, pickling and 
surface treatment, to slitting and 
cut-up, these Wean lines assure 
Jones & Laughlin customers top 


quality stainless strip or sheet to 
meet the most exactin g requirements, 

In the design of this equipment, 
high quality surface finish of the 
stainless was a prime requisite—one 
of the reasons Wean was selected 
to engineer and build this multi-line 
installation. Whatever your require- 
ments in ‘continuous strip process- 
ing, you can benefit from Wean’s 
creative engineering. 


THE WEAN ENGINEERING COMPANY, INC. - WARREN - OHIO 
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Beat 
the Heat 
Barrier 
With 
Handy 
Harman 
High 
Temperature 
Brazing 

Alloys! 


Some of the problems of elevated 
temperature joint strength and 
oxidation resistance in heat-resist- 
ant alloys are being solved today 
by arelatively new group of Handy 
& Harman high temperature braz- 
ing alloys. These alloys embody 
certain unique characteristics, all 
of which are requisite for high 
temperature brazing: 


e They have good strength 
and oxidation resistance at 
recommended temperatures. 


e They are ductile, with the 
ability to withstand vibra- 
tion and stress at elevated 
temperatures. 


e These Handy & Harman 
alloys provide minimum so- 
lution and penetration of 
the metals being joined; this 
is a particular advantage 
when joining thin sections. 


¢ These alloys effectively join 
stainless steels, low alloy 
steels, nickel-base alloys, 
cobalt-base alloys and other 
high temperature metals in- 
cluding refractory types. 


The list of successful applications 
includes jet engine parts, heat ex- 


changers, rocket motors, clad 
metals, honeycomb structures, tur- 
bine blades and many others. The 
following are brief descriptions of 
these Handy & Harman alloys: 


|LITHOBRAZE 925| For short time 
operation to 900° F, continuous 
at 500° F. Very ductile, virtually 
no solution of base metal. Good 
salt-spray corrosion resistance. 


For continuous serv- 
ice 900° F-1000° F. Fairly duc- 
tile, moderate general solution 
of base metal. 


|PREMABRAZE 128] Continuous 
service up to 1500° F. Ductile, 
moderate solution of the base 
metal. Tensile strength at 1600° 
F in 304 stainless steel is 20,000 
psi (short time test). 


|PREMABRAZE 130| Same proper- 
ties as PREMABRAZE 128, but 
freer flowing and lower brazing 
temperature. 


| PREMABRAZE 101| Continuous op- 
eration in 1800° F-2000° F range 
(based upon limited oxidation 
tests). Ductile, moderate solu- 
tion and penetration of the base 
metal. 


Alloy om nee mp? F fp° F 
LITHOBRAZE 925 925 Ag 7.3 Cu .2 Li 1435 1635 
HI-TEMP 30 70 Mn 30 Ni 1885 1920 
PREMABRAZE 128 72 Av 22 Ni 6Cr 1785 1900 
PREMABRAZE 130 82 Au 18 Ni 1740 1740 
PREMABRAZE 101 54 Pd 36 Ni 10Cr 2250 2300 


Data sheets and complete details on each of the above Handy & Harman 
alloys are available upon request to Handy & Harman, 82 Fulton Street, 
New York 38, N. Y. 
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Source of Supply and Authority on Brazing 
HANDY & HARMAN 


General Offices: 82 Fulton $1., New York 38, N.Y. 
DISTRIBUTORS IN PRINCIPAL CITIES 
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Quality control at Standard is second to none 
among the nation’s major specialty product steel plants. 
It is maintained by the most accurate, up-to-date testing 
equipment available. The laboratory facilities operate 
around the clock to keep all vital information flowing 
to our metallurgists, shop foremen, mill and machine 


operators—as well as to plant management, and, of 
course, Our customers. 

Bring your next unusual product to us—we’ll welcome 
the opportunity to serve you regardless of the alloy it 
might require. Send for the free illustrated booklet, 
“Quality Control at Standard.” 


Standard Steel Works Division 


BALDWIN : LIMA: HAMILTON 


Rings Shafts e Car wheels Gear bianks Fianges Special! shapes 


BURNHAM, PENNSYLVANIA 
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CINCINNATI 
“oscillating’’ Filamatic 


uniformly hardens 2 sizes of steering 
control arm shafts simultaneously 


430 parts hardened per hour of one size; 
125 per hour of a larger size 


For high production surface hardening of two sizes 
of steering knuckle control arm shafts, a major auto- 
mobile manufacturer has installed the Cincinnati® 
Flamatic® Flame Hardening Machine shown below. 
This Flamatic, fueled by city gas and oxygen, has 
two independent heating stations. The right-hand 
station selectively hardens*both ends of three shafts 
simultaneously; the left-hand station hardens both 
ends of one shaft. Thus one machine processes two 
similar parts having widely different production 
quantity requirements. Operating sequence of the 
three-at-a-time station is described at right. 

The part, of 1045 Steel, sectioned to show the hard- 
ness pattern, is illustrated above. Specified areas to 
be hardened include the threaded section, fillet, and 
square shoulder, at both ends. Minimum depth of 
case produced is .016” below thread root, .030” at 
fillet, with minimum hardness of 55Rc. 

This Flamatic met the heat treating and production 
rate specifications of these critical parts. To solve 
your heat processing problems, call in a Meta- 
Dynamics Division field engineer. Cincinnati builds 
both flame heating and induction heating machines 
for high production as well as varied, short-run work. 


1. Operator loads three shafts 
on locating pins of chain con- 
veyor. Parts index to three 
opposed pairs of flame heads. 


< 2 c 2 


2. Flame heads ignite and ad- 
vance to surround bcth ends of 
each shaft. Flame heads oscil- 
late to provide uniform heating 
of all surfaces to be hardened 


3. Flame is extinguished and 
flame heads retract. Quench 
heads advance and apply solu- 
ble oil spray. 


4. Quench iscut-off and quench 
heads retract. Conveyor indexes 
next three parts and sequences 
repeat. 
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Ferrous Metals 
295. Standard Steels 


Compositions of standard steels, 
correlating S.A.E. and AISI. num- 
bers and A.S.T.M. and Federal speci- 
fications are listed in 20-p. manual. 
Includes carbon, alloy and stainless 
grades. Jones & Laughlin Corp. 


296. Alloy Steels 

Booklet on “Aristoloy Stainless and 
Carbon Steels,” describes full line of 
product made to standard and leaded 
analyses of prime surface condition. 
Copperweld Steel Co. 


297. Heat Resisting Steels 


Annual review of progress in all 
phases of manufacture and use of 
high-temperature steels and alloys. 
Timken Roller Bearing Co., Steel & 
Tube Division 


298. Ferrochromium 


Fast-dissolving, low-carbon ferro- 
alloy described in folder “Simplex 
Ferrochrome”. Union Carbide Metals 
Co. 


299. Superalloys 

36-p. book entitled “Superalloys by 
Vacuum Induction Melting” describes 
50 metals for such things as gas tur- 
bine blades, missile and nuclear com- 
ponents. Kelsey-Hayes Co. 


300. Alloy Steels 


Series of data sheets giving facts 
about analysis, heat treatment, fabri- 
cation and uses of A.I.S.I. standard 
steels and several special-analysis 
steels. Bethlehem Steel Co. 


301. Stainless Steels 


Technical booklet on AM 350 and 
355 describes two precipitation hard- 
ening steels suitable for use up to 
1000° F., readily weldable and form- 
able. Allegheny Ludlum Steel Corp. 


302. “Super” Alloy Steels 

“Mid-Vac” steels, produced by con- 
sumable electrode melting in vacuum, 
with superior physical properties at 
elevated temperatures. Midvale-Hep- 
penstall Co. 


303. Spring Steel 

Brochure gives data on “2R25”, a 
superior stainless spring steel, tough, 
resilient, formable, it has fatigue life 
10 fold that of carbon spring steel. 
Sandvik Steel, Inc. 


304. High-Strength Steel 


“Stressproof” steel bars (copper 
bearing) delivered with 100,000 psi. 
tensile strength, machinable into ma- 
chine parts needing no heat treat- 
ment. Technical bulletin from LaSalle 
Steel Co. 
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Nonferrous Metals 


306. Tellurium Copper 


Technical data sheet gives physical 
and mechanical properties and hints 
on fabrication. Bridgeport Brass Co. 


307. Porous Metal 


Porous metal for impregnated bear- 
ings, driving bands, self-cooling tur- 
bine blades and filters. Bendix Avia- 
tion Corp. 


308. Refractory Metals 


Discussion of utility of tantalum, 
titanium and zirconium for equip- 
ment for electroplating and electro- 
polishing. The Pfaudler Co. 


309. Platinum 

Platinum-clad metals in_ sheet, 
strip, foil, rod, wire and tubing. A 
wide variety of metals are clad in 
this way. Metals & Controls 


310. Copper Alloys 


24-p. manual on alloys in rod form; 
typical parts; specifications for alloys 
described. Mueller Brass 


311. Molybdenum 


Bulletin discussing the corrosion 
resistance of molybdenum and its 
commercial alloys to various acids, 
salts, hot gases and liquid metals. 
Climar Molybdenum Co. 


312. Molybdenum 


12-p. brochure lists commercial 
forms (powder, shapes, pellets, rod, 
wire) and explores numerous fields 
of utility. Sylvania Electric Products, 
Inc. 


313. Lithium 


Bulletin 101 describes industrial 
uses of this light metal, such as for 
scavenging oxygen and hydrogen from 
molten alloy steels and thus promot- 
ing soundness in ingots or castings. 
Foote Mineral Co. 


314. High-Nickel Alloys 

Booklets, pamphlets and data sheets 
on high-nickel stainless and heat re- 
sisting steels and alloys. International 
Nickel Co. 


315. Haynes Alloys 


Information on nature, fabrication, 
and uses of alloys for prolonged oper- 
ation well above 1700°F. Haynes 
Stellite Co. 


316. Silicomanganese 
Information about composition of 
various commercial grades and their 
use for deoxidizing, desulphurizing 
and grain refining (toughening) of 
engineering and _ structural steels. 
Vanadium Corp. of America 


Non-Metals 
322. Refractory Castables 


“Kaocast”, a castable refactory suit- 
able for temperatures up to 3000° F., 
and “Kaocrete-32” up to 3200° F., de- 
scribed in Bulletin R-35A. The Bab- 
cock & Wilcor Co. 


323. Alumina Tubes 


Technical data om porous tubes 
of 99+ alumina for hydrogen and 
cracked ammonia atmospheres up to 
3450° F. Morganite Inc. 


324. Refractory Oxides 


Catalog 127 lists round tubing up 
to 6%-in. O.D. and straight-sided 
crucibles of similar diameter up to 11 
in. high, of zirconia, magnesia, mul- 
lite and other materials suitable for 
use up to 5000° F. Laboratory Equip- 
ment Corp. 


325. Hard Carbides 


Kennametal Inc. has information 
on “Kentanium” series of hard ti- 
tanium carbide formulations and re- 
cently developed Grades K601 and 
K701 for corrosion resistance. 


326. Cryolite 


Small book on properties of natural 
cryolite from Greenland and its many 
uses as molten solvent for refractory 
oxides, in ceramic formulations and 
in abrasives. Pennsalt Chemicals 
Corp. 


Electronic Materials 
328. Single Crystals 
Bulletin 102 lists sizes and shapes 
of “off the shelf” items suitable for 


electronic circuits and as laboratory 
standards. Flow Corp. 


329. Cathodic Vacuum Etcher 


Information on cathodic vacuum 
etcher in models suitable for either 
remote handling in radioactive areas 
or for direct use. Nuclear Materials 
& Equipment 


330. Zone Melting 


Vol. 1, No. 6 or “High Frequency 
Heating Review” discusses floating 
zone method for refining and for 
growing germanium or silicon crystals 
for transistors. Lepel High Frequency 
Laboratories, Inc. 


331. Tagged Compounds 

General catalog of chemicals (gas- 
eous, liquid and solid) containing 
known amounts of radioactive C-14. 
Research Specialties Co. 


332. Semi-Conductors 


Charts showing properties of high- 
purity elements used in semi-conduc- 
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The entire circumference of the left hand weldment at the Tee fitting of this pipe assembly is being radiographed in 
a single exposure with a Model 50 Multitron. The unit can handle any isotope suitable for gamma radiography .. . and 
up to four separate sources can be contained in the same machine. A wide variety of exposures can be made— 
internal, panoramic and beam. Model 50 travels with ease anywhere in plant or field, requires no external power. 


¢ Exclusive multiple-source heads 
e Source strengths to 1000 curies 


e For all exposures—beam, panoramic, internal 


Select the radiography equipment that meets your re- 
quirements from the 21 standard Iriditron and Multitron 
Models now available. One of these models will give you 
the method or methods of exposure, number of sources, 
source materials, source strengths, and type of mounting 
you need. Each model is distinguished by design features 


that assure you unsurpassed versatility, performance, 
and safety. 

Get complete service from Budd— including radioactive 
source supply and encapsulation, source replacement 
and disposal, training for your personnel (without 
charge) and aid in setting up complete radiographic 
facilities. 

Write or call Budd Instruments Division for our Gamma 
Radiography Bulletin . . . or for a consultation on your 
requirements. 


INSTRUMENTS DIVISION 


A 


P.O. Box 245 + Phoenixville, Pa. 

1515 No. Harlem Ave. 

Oak Park, Ill. 

3050 E. 11th St. 

Los Angeles 23, Calif. 

Merchant's Exchan Room 316 

465 California St., Francisco, Calif. 

in Canada: 

Tatnall Measuring and Nuclear Systems, Ltd. 
46 Hollinger Road, Toronto 16, t. 
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tors, “doped” alloys and phase dia- 
grams, Anchor Alloys, Inc. 


333. Oscillographs 
Specifications and features of 
“Datarite” recording oscillographs for 
18 or for 26 channels. Electro Mechan- 
ical Instrument Div. of Consolidated 
Electrodynamics Corp. 


Tool Materials 


334. Grinding Wheels 


List of six shapes in 27 sizes of 
abrasive wheels which cover 90% of 
all portable grinding wheels. Chicago 
Wheel & Mfg. Co. 


335. Flame Cutting Machine 


Airco’s “Linagraph”, with electronic 
tracer, pantograph arms, and motor- 
ized torches, handling plate up to 8 
ft. wide, described in Catalog 804 L. 
Air Reduction Sales Co. 


336. Punching and Notching 
Units 
Catalog of units which can be ac- 
curately placed in a press and punch 
several holes simultaneously in a 
sheet of metal. Punch Products Corp. 


337. Draw Lubricant 

“Draw Clean M” is described in 
Bulletin F-10393. Clings tightly to 
aluminum surfaces, yet is soluble in 
wash waters and volatile at annealing 
temperatures. Oakite Products, Inc. 


338. Tool and Die Steel 


“Vega” air-hardening steel (A.1.S.I. 
Type A-6), of superior uniformity, 
cleanliness, machinability. Data from 
Carpenter Steel Co. 


339. Cutting Processes 

Brochure describes in-plant courses 
to suit needs of your company. Metals 
Engineering Institute 


Heating Equipment 


342. Heat Exchanger Tubes 


8-p. brochure describes tubing for 
power, petroleum and marine equip- 
ment of various copper alloys as well 
as duplex tubing. Scovill Mfg. Co. 


343. Immersion Heaters 

12-p. bulletin on “Karbate” heat 
exchanges made of impervious graph- 
ite, for operation in corrosive solu- 
tions. National Carbon Co. 


344. Atmosphere Generators 


Catalog Section 24 decribes endo- 
thermic gas generators, reversible in 
direction for self-cleaning of catalyst 
beds. Rolock, Inc. 


345. Rapid Heat Processing 

“Gradiation”—or heat processing so 
designed as to coordinate heating rate 
with nature of object being heated— 
as applied to various steel mill opera- 
tions is discussed in Bulletin S 1056. 
Selas Corp. of America 


346. Practical Heat 
Treatment 
32-p. booklet describes lesson courses 
in fundamentals, suitable for home 
study or in-plant training programs. 
Metals Engineering Institute 
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the easy modern way to determine 
exact working temperatures! 


Just mark or stroke the surface with THERMOMELT... 
when it reaches the desired temperature, the mark liquefies. 
There’s no guesswork, no wasted time or material... 
THERMOMELT is the quick, precise way to determine 
heating temperatures. Accurate to within +1%. 


A STIK FOR EVERY TEMPERATURE from 113°F. to 2000°F. 
ALSO AVAILABLE IN LIQUIDS AND PELLETS for inaccessible 
or hard-to-measure applications. Wide range of temperatures. 


Send today for free THERMOMELT literature and pellei 
sample (indicate temperature desired). 


MADE BY THE MANUFACTURERS OF MARKAL PAINTSTIK MARKERS 
AND PROTECTIVE COATINGS 


MARKAL COM PA NY 3118 West Carroll Avenue, Chicago 12, Illinois 
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New, extra fine calcium stearate FLEXICHEM CS 
promotes surface coverage GENERAL PROPERTIES 


Type of salt: Di 


FLEXICHEM CS is a new impalpable calcium stearate of such 
fine particle size that it defies measurement by usual screening ‘ : : 
article size: 20 microns maximum 
methods. Its average particle size is 5 to 7 microns while max- pF White 
imum size will range to only 20 microns. edie Ca (CisH3s02)2 
For producers of powder metal parts, this unique property can Odor: Biand 
spell greater surface coverage and improved lubricity for every Bulk density: 20 Ibs. per cu. ft. 
pound of FLEXICHEM CS used. For users of resin coated sand, Melting point: 147°-149° C. 
FLEXICHEM CS may be used as a mold release agent, to pro- Moisture: 0.6% 
mote improved flowability, or as an internal lubricant. lodine number: 2 maximum 
In addition, FLEXICHEM CS contains less than 0.6% mois- Sotubiiity: inesluble in water, af- 
- : cohols, esters and ketones. Slightly 
ture, is extremely low in water soluble salts, and has less than soluble in hot benzene, toluene, xylene,’ 
0.2 PPM of combined arsenic and lead. Look over its other cutee sepaeMonte, vagetitte and 
2 mineral oils. Soluble in hot pyridine. 
properties on the chart—then write for details on a trial or Pr a sl : Pn 
sample quantity of Swift’s new FLEXICHEM CS. por 
FLEXICHEM is Swift's trade name for a new family of 
“light”? metallic complexes made possible by a new simplified 
reaction process. The benefit of Swift's development experi- 
ence in utilizing these new stearates is available to serve you. 
Write for details. 


SWIFT & COMPANY 


SOAP DEPARTMENT 
4115 Packers Ave. Chicago 9Q, !Ilinois Your Industey 


Circle 480 on Page 48-A 


Physical form: impalpable powder 


105" YEAR 


METAL PROGRESS 


3 __compares In size and uniformity to typical samples of 
| 
38 
4 


347. Salt Bath 

NU-SAL is described in Technical 
Bulletin H-2. It is suitable for heat 
treating steel and for silver soldering. 
With carbonaceous cover it can oper- 
ate for short periods up to 1800° F. 
Park Chemical Co. 


348. Dryers 


12-p. bulletin includes six case his- 
tories of difficult drying operations 
solved by properly engineered equip- 
ment. J. O. Ross Engineering Div. 


349. Salt Bath Furnaces 


New designs for gas heated or oil 
heated salt bath furnaces; tempera- 
tures up to 2300° F. Bulletin 200. Ajax 
Electric Co. 


350. Tempilstiks 

Catalog 5905 gives directions for use 
and temperature ratings of the vari- 
ous Tempilstiks, Tempilags, and Tem- 
pil Pellets. Tempil Corp. 


351. Ultra-Temp. Ovens 


Bulletin 6950 describes line of elec- 
tric ovens for operating up to 1300° F., 
capacity range 1 to 36 cu.ft. Blue M 
Electric Co. 


352. Liquid Salt Baths 


The “Houghton Line”’—an occa- 
sional booklet mixes philosophy and 
humor with information on heat 
=" in salt baths. E. F. Houghton 
& Co. 


353. Flame Hardening 


Bulletin tells how flame hardening 
improves rolls; accompanying chart 
for depth of hardening. Detroit Flame 
Hardening 


354. Ammonia Atmospheres 
8-p. booklet on industrial uses of 
dissociated ammonia (bright harden- 
ing and annealing, brazing, powder 
sintering). Armour Ammonia 


355. Temperature Uniformity 

“A Study of Temperature Uniform- 
ity in Heat Treating” gives time-tem- 
perature curves for various runs to 
1550 and 1850° F. with still and cir- 
culating atmospheres. Ipsen Indus- 
tries, Inc. 


356. Quenching Systems 

Combined catalog and _ selection 
manual for quenching oil coolers. 
Completely self-contained units with 
motors, strainers and all controls. Bell 
& Gossett Co. 


357. Strand Annealer 


Bulletin 653A describes electrically- 
heated strand annealing furnaces, 
handling brass or bronze wire at 22,000 
ft. per min. Dissociated ammonia at- 
mosphere. Hevi-Duty Electric Co. 


358. Annealing Aluminum 
Sheet 


Literature available on high-con- 
vection, bell-type furnace which 
successfully anneals large coils of 
aluminum sheet as thin as 0.025 gage 
without damage to edges. Lee Wilson 
Engineering Co. 


359. Endothermic Generator 


Bulletin 5808A gives the facts about 
“Type IGL” generators for accurate 
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production of atmosphere of selected 
carbon potential, “carbon pressure” 
and low dewpoint. C. J. Hayes 


360. Continuous Furnaces 
For small parts, both rotary muffle 

and shaking automatically 

fed, up to 800 lb. per hr. Catalog from 
American Gas Furnace Co. 


361. Blowers 

Catalog 126B describes blowers for a 
variety of large heating furnaces such 
as slab reheaters, annealing covers 
and soaking pits. Spencer Turbine Co. 


363. Induction Heating 

56-p. catalog describes complete line 
of induction heating equipment for 
hardening, brazing, billet heating, 
sintering and shrink fitting. Induction 
Heating Corp. 


364. Thermal Fatigue 

A comprehensive report of exten- 
sive studies on “The Mechanism of 
Thermal Fatigue’”—damage from nu- 
merous cycles of heating and cooling. 
Electro-Alloys Div. 


365. Radiant Tubes 

Light-weight, prefabricated tubes, 
straight, U-bends, parabolic, with 
smooth interiors described in booklet 
“Processes and Heat Treating Equip- 
ment”. Pressed Steel Co. 


366. Furnace 

Recirculating type of furnace oper- 
ating up to 1200° F. for drawing, tem- 
pering, aging and stress relieving. 
Bulletin HT-53. Carl Mayer Corp. 


Cleaning & Finishing 


369. Metal Shot 

Brochure entitled “The Facts of 
Life Concerning the Use of Shot and 
Grit”. Five chapters. National Metal 
Abrasive Co. 


370. Descaling Salt 

Literature describing rapid descal- 
ing (10 min.) of stainless steel tubes 
with the help of “Virgo Descaling 
Salt”. Hooker Chemical Corp. 


371. Ultrasonic Cleaning 

Reprint of article “Ultrasonics—an 
Outstanding Aid to Metal Cleaning”. 
Detrex Chemical Industries 


372. Selective Plating 
Brochure describes power pack, 

plating tools and solutions for build- 

ing up worn areas, stopping-off — 

to carburizing, or fitting 

Sifco Metachemical, Inc. 


373. Low-Cost Plating 
Technical data available in “B & A” 
metal fluoborates for electrolytes de- 
positing fine-grained Cu, Pb, Pb-Sn 
alloy, Ni and Sn. General Chemical 


374. Chromate Conversion 
Coatings 
Booklet “Process Chemicals” de- 
scribe the “Iridite” specialized line 
of chromate conversion coatings for 
nonferrous metals—dip, brush or 
spray—manual or automatic. Allied 
Research Products 


with a long-stroke 
Brinell machine 


Faster hardness testing is yours 
when you use a Detroit long-stroke 
testing machine. The long-stroke 
test ram does the adjusting to 
various work piece heights, and 
does it fast. Constant height table 
always matches conveyor height, 
too. Hydraulically operated, with 
or without direct reading dial 
(shown with). Larger and special 
machines made to order. 


Write today for information about our 
Brinell and other testing machines 


Model CB 


DETROIT TESTING 
MACHINE COMPANY 


9384 Grinnell Avenue, Detroit 13, Michigan 
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QUICK COMPARISON 
; CHART Some unique combinations of 


electrical and physical properties in Anaconda metals 


that may save you money—handle tough jobs better 


Chromium 

Copper-999 

(Cu 99.05%, Cr 85%, 
Si .10%) 


Leaded 

Nickel 

Copper-831 

(Cu 97.8%, Pb 1.0%, 
Ni 1.0%, P .2%) 


Cunisil-837 
(Cu 97.5%, Ni 1.9% 
Si .6%) 


To give you a basis of comparison, here are properties of 


two standard Anaconda electrical coppers 


ETP Copper—1l1 
(Cu 99.9+%) 


Leaded Copper—126 
(Cu 99.0%, Pb 1.0%) 


The values given above are intended as a guide to 
some unusual combinations of electrical and physi- 
cal properties available among Anaconda alloys. If 
any of them gives you an idea for possible solution to 


COPPER « BRASS « BRONZE « NICKEL 
SILVER MILL PRODUCTS 


ANACONDA 


PRODUCTS 
Made by The American Brass Company 


a tough problem or indicates a way to cut costs with- 
out sacrificing quality or performance — see your 
American Brass representative for more details. Or 
send in this coupon today. woes 


The American Brass Co., Waterbury 20, Conn. 
In Canada: Anaconda American Brass Ltd., New Toronto, Ont. 
Please send me more information about the following alloys: 
() Chromium Copper—999 (CO Leaded Nickel Copper—831 
Cunisil—837 Leaded Coppers 
(0 Electrolytic Tough Pitch Copper—100 
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378. Protective Coating 

“EP-ACK” is a protective and deco- 
rative coating which rapidly dries in 
air, has good toughness and adhesion 
and is light fast. Industrial Finishes 
Co. 


379. Protective Paint 


“New Color Horizons” is a 38 p. 
manual of a rust and corrosion con- 
trol by protective coatings. Also con- 
tains information on surface prepara- 
tion. Rust-Oleum Corp. 


380. Rust Preventives 

Bulletins describe two new formula- 
tions. “Composition 15” added to 
rinse water to prevent rusting of iron 
castings and powder compacts, and 
“Composition DR” added to rinse 
water to facilitate drying. Mitchell- 
Bradford Chemical Co. 


381. Solution Control Valves 


“Monotrol” 4-way valves in either 
cast iron or plastic to control liquid 
flow in such series of operations as 
service, backwash, regenerate and 
rinse. Graver Water Conditioning Co. 


Welding and Joining 


383. Resistance Welding 

Sciaky Bros., Inc., publish a month- 
ly bulletin called “Resistance Welding 
at Work”. The latest issue contains 
five case histories taken from the 
aviation industry. 


384. Electrodes 


8-p. folder describes economies in 
using special electrodes for excavating 
machinery, hard surfacing and stain- 
less steel. The McKay Co. 


385. Preheat for Weldments 


40-p. “Guide to Preheat” describes 
use of electric strip heaters, assembled 
from standardized re-usable units. 
J. B. Nottingham & Co. 


386. Stainless Electrodes 


Folder describes 20 electrodes for 
joining standard stainless steels and 
high-strength steels. Harnischfeger 
Corp. 


387. Feedback Spot 
Welding Control 


Bulletins showing how “Monau- 
tronic V-2 and VR-3” circuitry keeps 
the voltage constant across resistance 
weld, despite variable resistance due 
to electrode wear and pressure, con- 
taminants and gage. The Budd Co. 


388. Brazing Alloy 


Data on “Braze 541”, a silver-copper 
alloy especially suitable for stainless 
steels and Monel metal, either with 
hand torch or in furnace. Handy & 
Harman 


389. Buttwelder 

Reprint of “Buttwelder Leaves No 
Flash”, with Tocco induction heating 
unit and Swift-Ohio press mechanism, 
Ohio Crankshaft Co. 


390. Hard Facing 


28-p. booklet describes machinery 
for hard-facing metallic parts. Five 
different welding methods are suit- 
able. Haynes Stellite Co. 
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Inspection & Control 


391. Testing Machinery 


Loading of large pieces can be done 
by numerous movable hydraulic rams 
all controlled from central pump and 
indicator units. Riehle Testing Ma- 
chines 


392. Proportioning Control 

Literature descriptive of proportion- 
ing control systems assembled for 
specific installations have standard 
units of three types—current output, 
position or duration. Barber-Colman 
Co. 


393. Thermocouples 


Catalog of standard thermocouples 
sheathed in various heat resisting 
metals, hot junctions. leads and ter- 
minal blocks. Conar Corp. 


394. Pyrometers 

Catalog No. 100 on radiation pyrom- 
eters with ranges from 1000 to 3400° 
F. Pyrometer Instrument Co. 


395. Strain Gages 

Pamphlet on “Tatnall Metal Film 
102” strain gages usable to 400° F., 
showing configurations, (comb, rosette 
and miniature) available. The Budd 
Co. 


396. Brinell Testing 


Information available about power- 
operated machine, controlled by foot 
pedal, that requires no preliminary 
spot grinding of parts to be tested. 
Detroit Testing Machine Co. 


397. Microscopes 

Catalog 2-Y describes complete line 
of metallurgical microscopes, camera 
attachments, micrometers, vacuum 
heating stages. Unitron Instrument 
Division 
398. Metallographs 
(Remote Control) 

Manual D-287 describes equipment 
for examining and photographing 
radio-active materials using double 
eye pieces (stereo-microscopes with 
lenses resistant to coloration from 
radiation). Bausch & Lomb Optical 
Co. 


399. Rockwell Testers 
Catalog RT-58 gives information 
on full line of Rockwell hardness 
testers, Tukon micro-testers, “Twin- 
testers” (manual and automatic). 
Wilson Mechanical Instrument Div. 


400. Multi-Point Recorder 
Model 6702 can record up to 24 and 
has many simplified features. A solid- 
state constant current source elimi- 
nates standard cells and standardiz- 
ing mechanisms. Daystrom-Weston 


401. Thermowells 

Application Guide E-16 describes 
5700 available designs of thermowells, 
each pressure tested to 3000 psi. (X- 
rayed if specified). Thermo Electric 
Co. 


402. Spectrograph 


Booklet entitled “Introduction to 
Optical Emission Spectrochemical In- 


KENTRALL 


HARDNESS 


TESTERS 
are 
Motorized 


By removing major test loads automatically, the new motorized 
Kentralls reduce operator error, increase reproducibility of test 
results, and raise the productive capacity of the machine—for the 
same price as hand operated testers. 


The motorized Kentralls are available in Combination Testers 
which provide both Regular and Superficial Rockwell Hardness 
Testing in a single machine. For those applications that do not 
require the additional range, Kentrall also makes single 
purpose testers for either Regular or Superficial testing alone. 


For complete information write for Bulletin CRS 6O 


ENTRAL 


THE TORSION BALANCE COMPANY 


Main Office and Factory: Clifton, New Jersey 
Sales Offices: Chicago, San Francisco 


Te163 
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Two years ago Youngs- 
town Sheet and Tube in- 
stalled a pilot single stack 
annealing operation con- 
sisting of six furnaces and 
18 bases. Today, after 
carefully compiling qual- 
ity-economy comparison 
records, they have on order 
a complete Lee Wilson 
single stack annealing in- 
stallation of 40 furnaces 
and 120 bases. 


Outstanding results. . . 
that’s what has made the 
Lee Wilson single stack 
furnace the most popular 
method of annealing where- 
ever steel is made. 

At Youngstown Sheet 
and Tube much of the com- 
parison was made on 100 
percent drawing quality 
steel where uniformity of 

anneal is an absolute 
necessity. 

For uniformity and 
quality—for speed and 
flexibility—for economy 
under any operating con- 
dition—nothing beats the 
Lee Wilson single stack 
annealing furnace. That’s 
why over 600 of them are 
in use today all over the 
world! 


from pilot installation sell Youngstown 
Sheet and Tube complete 40-furnace 
Lee Wilson single stack annealing system 


HIGH PRODUCTION 


MAKE 


THE 


BEST 


‘ENGINEERING 
COMPARY, INC. 


ANNEALING SYSTEMS 


METALS BETTER 


re! 
_ 
Ww 
ORIGINATORS D ODUCERS OF OPENED COIL-AND SINGLE STACK FURNACE 
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struments” describes among others a 
direct reading spectrograph—a pre- 
cision time-saver. Baird-Atomic, Inc. 


403. Laboratory Furnaces 

Booklet “Marshall High-Tempera- 
ture Furnaces” describes complete 
line of tubular furnaces, resistance 
wound to operate up to 2600° F. Mar- 
shall Products Co. 


404, Metallograph 


Brochure entitled “Laboratory Work- 
house” describes metallograph with 
automatically focussing screen di- 
rectly below eyepieces. American Opti- 
cal Co. 


405. Ultrasonic Inspection 

Branson Instruments, Inc. have 
published Bulletin T-203 about the 
Pulse-Echo “Sonoray” flaw detector 
for contact or immersed use. It has an 
infinite choice of frequencies between 
0.4 to 10.0 m.c. per sec. 


406. Portable Hardness 
Tester 
Various sizes and designs of port- 
able hardness testers, adapters, hold- 
downs and scanning arms described 
in literature by King Tester Corp. 


407. Optical Pyrometer 


Catalogs No. 85 and 100 describe 
optical pyrometer (range 1400 to 7500° 
F.) and radiation pyrometer (range 
1000 to 3400° F.). No accessories re- 
quired. Pyrometer Instrument Co. 


408. Carbon Analyzer 


16-p. catalog describes compact 
equipment for analyzing metals in 2 
min. for carbon and sulphur. Harry 
W. Dietert Co. 


409. Particle Inspection 
Booklet describing agent for wet 
magnetic particle inspection. Case 
histories compare special methods and 
their effectiveness. Harry Miller Corp. 


410. Polishing Cloths 


Vol. 5, No. 3 of “A.B. Metal Digest” 
is devoted to polishing cloths and 
abrasives for preparation of metallo- 
graphic specimens. Buehler Ltd. 


411. Protective Equipment 

Broadside describes 13 types of en- 
vironmental test chambers—explosion 
proof, altitude chambers, salt spray 
equipment and the like. Associated 
Testing Laboratories, Inc. 


412. Leak Testing 


Detectors for testing tightness of 
smaller pressurized containers, suit- 
able for a single probe for boxed con- 
tainers or for hooded conveyors. Bul- 
letins GET-3026 and 2935. General 
Electric Co. 


413. Specimen Mount 


Folder describes rapidly-setting 
plastic slurry for preparing metallo- 
graphic specimens. , Vernon-Benshoff 
Co. 


414. Dilatometers 

Chevenard dilatometers, recording 
either mechanically or photographi- 
cally in vacuum or controlled atmos- 
pheres. Cooke, Troughton & Simms, 
Inc. 
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415. Laboratory Furnace 
Bulletin No. 315 describes small fur- 
nace operating up to and above 2000° 
F. for heat treating, sintering and 
melting.—Burrell Corp. 


416. Timers 


Type TSA-14 process timer con- 
trols repetitious cycles, where amount 
of “on time” is adjustable. General 
Electric Co. 


417. Gamma Radiography 

Pamphlet describing line of 16 ma- 
chines using various quantities of 
iridium 192 and cobalt 60, for beam 
or for panoramic radiography. Radia- 
tion Engineered Services 


Fabrication Equipment 


418. Induction Stirrers 


Illustrated booklet electrical) 
attachment to bottom of arc furnaces 
to stir molten metal during refining. 
ASEA Electric Inc. 


419. Wacuum Furnaces 


Various sizes of furnaces, pumps 
and accessories for melting and cast- 
ing heats ranging from 15 to 500 lb. 
in vacuum down to 1 micron. Kinney 
Div. of New York Air Brake Co. 


420. Vacuum Pumps 


16-p. Bulletin 8-20 describes modern 
change of old Roots blower into an 
efficient vacuum pump. Operating 
characteristics and proper speeds 
for various vacuums. Consolidated 
Vacuum Corp. 


421. High-Vacuum Furnace 


Bulletin describes “VA-L-200H” 
Heraeus vacuum arc furnaces, rang- 
ing in size from 250-cu.in. crucible to 
6600 Ib. capacity. Consolidated Vacuum 


422. Ingot Molds 


For use in vacuum melting equip- 
ment or in controlled atmosphere. 
Molds of fabricated steel, graphite or 
water-jacketed copper. Zak Machine 
Works, Inc. 


423. Strip Mills 


Full details of all-purpose strip 
mills, 2-high or 4-high, for conven- 
tional purposes and for rolling metal 
powders into commercial strip. Stanat 
Mfg. Co. 


424. Tube Mills 


88-p. book on tube mills describes 
equipment for converting strip con- 
tinuously to welded tubing of either 
ferrous or nonferrous alloys in sizes 
from 0.25 to 26 in. The Yoder Co. 


425. Press Brakes 


28-p. Bulletin 89E describes mod- 
ernized line of machinery of capacity 
90 to 1500 tons. Also tables for com- 
puting tonnages, and die space and 
filler dimensions. Niagara Machine & 
Tool Works 


426. Wire Straightener 


“Motomatic” wire straightening and 
cutting machine (synchronized fly- 
ing shear cuts off accurate lengths) 
described in Bulletin 751. Vaughn 
Machinery Co. 


SELECTIVE PLATING- 


153 fost 26th Street 
New York 10, WY. 


—without disassembling components; 
rapidly where conventional electro-plating is impossible or 
difficult. Mobile equipment takes the process to the job. 


Production and Repair Plating 
without using immersion tanks 
Enables You to (1) Precision-plate selected areas economically 


(2) Deposit metals 


Write for Descriptive Brochure. 


SIFCO meETACHEMICAL, INC. 
935 East 63 Street * Cleveland 3, Ohio 
A Subsidiary of The Steel Improvement & Forge Co. 


AGENTS 

MARLANE DEVELOPMENT CO., INC. PIDDINGTON & ASSOCIATES LTD. OHIO METACHEMICAL, INC. D & S AVIATION CO. LTD. 

3219 East Foothill Bivd. 
Pasadena, California 


2742 Second Street 671 Laurentides Bivd. 


Cuyohoga Falls, Ohio Pont Viou, Montreal, Quebec 
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KNOW YOUR ALLOY STEELS... 
This is one of a series of advertisements dealing with 
basic facts about alloy steels. Though much of the informa- 
tion is elementary, we believe it will be of interest to many 
in this field, including men of broad experience who may 
find it usefu to review fundamentals from time to time. 


Of the various methods of heat- 
treating alloy steels, one of consid- 
erable importance is that involving 
quenching and tempering. This 
method, which enhances the me- 
chanical properties of the end 
product, differs materially from nor- 
malizing and annealing (previously 
discussed in this series). 

The purpose of quenching is to 
effect a cooling rate sufficient to de- 
velop the desired hardness and 
structure. 

Before quenching takes place, 
steel is heated to a point above the 
transformation range. Quenching is 
the subsequent immersion of this 
heated steel in a circulated or agi- 
tated bath of oil, water, brine, or 
caustic; or, in the case of austemper- 
ing or martempering, generally in 
agitated molten salt baths at a pre- 
scribed temperature. Austempering 
and martempering are preferable 
where a minimum of distortion is 
desired. 

Quenching increases the tensile 
strength, yield point, and hardness 
of alloy steels. It decreases ductility 
—that is, elongation and reduction 
of area. It also decreases resistance 
to impact. However, by means of 
tempering, it is possible to restore 
some of the ductility and impact- 
resistance—but only at a sacrifice of 
tensile strength, yield point, and 
hardness. 

The results of mild oil- or water- 
quenching as related to mass effect 
can be found in the end-quench 
hardenability test. Voluminous data 
concerning this test are issued by 
AISI and SAE in the form of 
hardenability bands for the various 
grades of alloy steels. 


If thermal cracking is to be 
avoided, cooling by liquid quench- 
ing should not be carried to a point 
below 150 deg F. When a tempera- 
ture of 150 deg F is approached, im- 
mediate tempering should follow. 
Because of residual stresses, no steel 
should be used in the as-quenched 
condition. 

Tempering can be defined as re- 
heating to a specified temperature 
below the lower critical range, fol- 
lowed by air cooling. It can be done 
in furnaces, oil, or salt baths, the 
temperatures varying from 300 to 
1200 deg F. With most grades of 
alloy steel, it is best to avoid tem- 
peratures between 500 and 700 deg 
because of the “blue brittleness’’ 
that occurs in this range. Maximum 
hardness and wear-resistance result 
from tempering at low temperatures; 
maximum toughness is achieved by 
tempering at the higher levels. Of 
course, one of the essential reasons 
for tempering is to relieve the resid- 
ual stresses set up in quenching. 

Bethlehem metallurgists have de- 
voted years of study to all phases of 
heat-treating. By all means call 
them if they can be of service to you. 
And please remember, when you are 
next in the market for alloy steels, 
that Bethlehem makes all AISI 
standard grades, as well as special- 
analysis steels and the full range of 
carbon grades. 


BETHLEHEM STEEL COMPANY 
BETHLEHEM, PA. 


gETHUEHEM 


Export Distributor: 


Bethlehem Steel Export Corporation ST EL 


BETHLEHEM STEEL 
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Metal Parts & Shapes 


427. Shaped Alloy Wire 


Various nickel and stainless alloys 
are available in squares, flats, tri- 
angles, hexagons, half-rounds. Their 
applications are listed. Riverside- 
Alloy Metal Div. of H. K. Porter Co. 


428. Alloy Castings 

20-p. Bulletin G-159 describes Alloy 
Casting Institute’s standard heat and 
corrosion resistant analyses. and also 
new alloy “HOM” for use up to 2300° 
F. The Duraloy Co. 


429. Mechanical Bearings 


16-p. bulletin describes line of bear- 
ings intermediate in design between 
ball bearing and roller bearings 
wherein the rollers have curved ele- 
ments conforming to the spherical 
surface of the outer raceway. Hoover 
Ball & Bearing Co. 


430. Forgings & Stampings 

6-p. folder illustrates parts for 
heavy road-building and earth-mov- 
ing equipment. Transue & Williams 
Steel Forging Corp. 


431. Malleable Iron 


Data on automotive uses of malle- 
able iron castings to save weight, gain 
strength and save machining costs. 
Malleable Castings Council 


432. Forgings 
Booklet “The Automatic Production 


of Forgings in Closed Dies”. Cham- 
bersburg Engineering Co. 


433. Die Cast Gears 


List of gear and pinion combina- 
tions die-cast in zinc alloys from 
interchangeable unit die system molds 
to AGMA standards. Gries Repro- 
ducer Corp. 


434. Wire Cloth 


94-p. catalog describes industrial 
wire cloth made in nine basic weaves 
in a wide variety of metals and alloys, 
including titanium. Cambridge Wire 
Cloth Co. 


435. Sandwich Construction 


45-p. brochure on design, construc- 
tion and use of various types, attach- 
ment and edge details, and design 
formulas. Hexrcel Products, Inc. 


436. Seamless Tubing 


Technical Data Folder 193 discusses 
advisability of standardizing on two 
general-purpose alloys (SAE. 4340 
and 4620) for manufacture of tubular 
parts. Babcock and Wilcox Co. 


437. Bimetallic Castings 


8-p. brochure on bimetallic casting. 
Applications, design data. Arthur 
Tickle Engineering Works 


438. Stainless Tubing 
Complete information is available 
about “Weldrawn PH 15-7 Mo” tub- 
ing. The steel is precipitation harden- 
ing. Tubing available in sizes from 
0.012 to 1.125 in. Superior Tube Co. 


439. Textured Steel 


“Sharonart” (steel sheet stamped or 
impressed with any one of a variety 
of patterns) has many advantages to 
the manufacturer of consumer items 
of beauty and durability. Bulletin by 
Sharon Steel Corp. 


440. Welded Tubing 

Pamphlet describes uses of “Elec- 
trunite” welded mechanical tubing of 
high tolerance in straightness, wall 
thickness, inside and outside diameter. 
Republic Steel Corp. 


441. Aluminum Tubing 

48-p. book on alloy tubing, its 
properties, selection and applications. 
Revere Copper & Brass 


442. Butterfly Valves 

36-p. catalog of iron-body, rubber- 
seated valves for hydrostatic pres- 
sures up to 125 psi. and operated 
manually or by various automatic 
systems. Suitable for liquid, gas and 
vacuum. Pelton Div. of Baldwin- 
Lima-Hamilton Corp. 


443. Shims and Gaskets 


Color code whereby thickness of 
“Color-plast” gaskets and packings, 
ranging from 0.001 to 0.030 in., is iden- 
tified by sight. Many mistakes thus 
avoided. General Gasket, Inc. 


444. Extruded Aluminum 
12-p. brochure on latest aluminum 

alloys, extrusion process and applica- 

tions. Precision Extrusions, Inc. 


from General Electric 


for stainless steel bright brazing, heat treating, 


NEW Muffle-less Mesh-belt Furnace from General Electric 


maintains high purity atmosphere and high temperature needed to treat 
stainless steel parts in continuous production. Performance is excellent: 
dewpoints of below — 50 F have been maintained under production conditions. 
Rapid heating, high heating rates, maximum loading add up to increased 
production. Your operating costs are less because of reduced heat loss and 
cooling water, fewer rejects, hydrogen conservation. Key to reduced main- 
tenance is there’s no muffie to replace. Other factors: long-life belt and 
molybdenum heating units; easily cleaned cooling chambers. 
Circle 606 on Page 48-A 


Ask your General Electric Sales Engineer 
for complete data on the new G-E Hump 
Mesh-belt Furnace or write for bulletin 
GED-3990. General Electric Company, 
Schenectady 5, N. Y. 
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THEY LAUGHED 
WHEN WE SAT DOWN 


This shaft was turned. It was key-slotted, drilled, 
tapped and shouldered. It was threaded, milled, 
grooved and chamfered. It was step-bored, with 
three inside diameters. Who could plate a piece like 
this all over—inside and out—and expect a uni- 
form coating? 

Well, anyone who used KANIGEN® could expect 
it—and get it. In fact, we made this piece especially 
to prove it. 

The KANIGEN® process for chemical nickel alloy 
plating produces a uniform thickness of coating, re- 


GENERAL AMERICAN TRANSPORTATION 
135 South LaSalle Street * Chicago 3, Illinois 
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they didn’t know about KAN IG EN’ 


gardless of the contours of a part. This uniformity 
permits full machining operations prior to coating, 
with no subsequent cleanup. 

KANIGEN® offers corrosion resistance equal 
or superior to that provided by wrought or elec- 
trolytic nickel. 

For complete technical details write or call your 
nearest General American office. Ask for Kanigen 
Bulletin No. 258. You’ll find that with plating as in 
so many other industrial areas, it pays to plan with 
General American. 


KANIGEN 
Kanigen Division 
CORPORATION 


Offices in principal cities 
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PLATE 

iE. 


MEAT 
RESISTANT 


A.C.l. 
HA, HC, HD, HE, HF, HH, 


HI, HK, HL, HN, HT, ? ig 
HU, HW, HX 5 


STAINLESS 
A.C.l. 

CA-15, CA-40, CB-30, CC-50, 
CE-30, CF-8, CF-20, CF-8M, 
CF-12M, CF-8C, CF-16F, 

CH-20, CK-20 


LOOK NO FURTHER THAN fahralloy 


For over a quarter of a century 

Fahralloy has served the needs of 

the nation's leading industries with highest 
quality alloy castings. Whether your 

particular need is for heat resistant alloy 
castings or stainless, you can be sure they'll 
be made to your exact specifications 

when you place your order with Fahralloy. 


6t'NG 


ISOTH AND LEXINGTON AVENUE ¢ HARVEY, ILLINOIS 


QUALITY e SERVICE 
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How | B&W JOB-MATCHED TUBING 


helps you design a better end product 


You can get the right tube for your job with ... Special shapes and prefabricated forms to 
B&W Seamless Mechanical Tubing because you improve design and simplify production. 

can choose from: These are just some of the reasons it pays to specify 
B&W Job-Matched Mechanical Tubing. Call your 
local B&W District Sales Specialist, or write for 
Bulletin TB-361 for full information. The Babcock 
...a variety of heat treated conditions for & Wilcox Company, Tubular Products Division, 

the most suitable mechanical properties Beaver Falls, Pennsylvania. 


...a range of sizes, grades, and finishes for 
design flexibility 


THE BABCOCK & WILCOX COMPANY 
TA.9009-5é4 TUBULAR PRODUCTS DIVISION 


Seamless and welded tubular products, solid extrusions, seamless welding fittings and forged steel flanges—in carbon, alloy and stainless steels and special metals 
Circle 485 on Page 48-A 


METAL PROGRESS 


| 
amt 
(NS) 
SSS 
| NEF Le ES ko 
©) 
48 


New! Complete Reader Service Information § onc Bulletins. cre available from 


scrutinized list of manufacturers’ literature, 
conveniently indexed under the 11 major 


With These Convenient, Prepaid Cards Engineering Aress. 


More Facts on Advertised Products. Because 
some advertisements cannot be numbered, 


: | ite th dvertiser’ in th 
Catalogs and bulletins, new products and serv- 


ices and most advertisements in Metal Progress 


Circle th stcard f inf tion. 
are numbered. To receive more information, 
Reprints of Articles are yours for the asking 
as long as they last. No need to clip your 
Metal Progress issue for reference filing, 
send for reprints. 


circle the appropriate numbers on one of these 


postage paid cards. Editorial reprints will be 


sent free as long as they last. 


Please Include Your Name and Address! 


Metal Progress 


February, 1960 Issue 


283 
303 
323 
343 
363 
383 
403 
423 
443 
467 
487 
$07 
527 
547 
$67 571 
587 591 
607 


280 
300 
320 
340 
360 
380 
400 


if not an ASM member, please check box f 
information on membership advantages. 


February, 1960 Issue 
METAL PROGRESS FIRST CLASS 


PERMIT NO. 1 
NOVELTY, OHIO 


BUSINESS REPLY CARD 


No Postage Stamp Necessary if Mailed in U.S. 


READER SERVICE DEPARTMENT 
METAL PROGRESS 
METALS PARK 

NOVELTY, OHIO 


Page 48-A 
SEND COPIES OF THE FOLLOWING ARTICLES 
Page No. Title 
27 278 279 281 282 288 289 290 291 292 293 294 295 2% 
297 298 299 301 302 308 309 310 311 312 313 314 315 316 
| 317 318 319 321 322 328 329 330 331 332 333 334 335 336 
fe: | 337 338 339 341 342 348 349 350 351 352 353 354 355 356 << SS 
| 387 358 359 361 362 368 369 370 371 372 373 374 375 37% 
| 377 378 379 381 382 388 389 390 391 392 393 394 395 396 sonar Sarat 
| 397 398 399 401 402 408 409 410 411 412 413 414 415 416 
| 417 418 419 MM 421 422 428 429 430 431 432 433 434 435 436 
| 437 438 439 441 442 
: | 461 462 463 465 466 472 473 474 475 476 477 478 479 480 Name: 
| 481 482 483 485 486 492 493 494 495 496 497 498 499 500 Es 
| 501 502 503 505 506 512 513 514 5IS 516 S18 519 520 
sm H 521 $22 523 525 526 532 533 534 535 536 537 538 539 540 
S42 543 545 546 552 553 554 S55 556 S57 558 559 560 
| S61 562 563 565 566 572 573 574 575 576 577 578 579 580 Company: 
| sel se2 583 585 586 592 593 594 595 596 597 598 599 600 mt 
aie 601 602 603 605 606 612 613 Address: ss 
‘ 
4 


The American Society for Metals and Metal Progress Serves 
30,000 member-readers in 11 major areas of the metals industry. 


The ASM is the communications center for technical information 
wherever metals are produced, pr d, fabricated, designed, 
tested and applied. Metal Progress, monthly engineering magazine 
of the Society, reports on engineering developments in these 11 
major technological areas: 

FERROUS METALS: Alloy, Carbon, Free Machining, Stainless Steels, Hot 
and Cold Finished Bars. 

NONFERROUS METALS: Aluminum, Beryllium, Brass, Bronze, Columbi- 
um, Copper, Lead, Magnesium, Molybdenum, Monel, Nickel, Rare 
Earths, Tantalum, Titanium, Tungsten, Zinc, Zirconium. 

HEAT- AND CORROSION-RESISTANT AND ELECTRICAL MATERIALS: Spe- 
cial Alloys; Carbon, Graphite; Ceramics, Cermets, Thermal Insulat- 
ing and Special Electrical Materials. 

RADIATION AND NUCLEAR MATERIALS & EQUIPMENT: Metallic and 
Non-Metallic Reactor Materials, Fuel Elements, Pressure Vessels, 
Control Elements, Related Equipment. 

TOOL MATERIALS, CUTTING AND FORMING EQUIPMENT: Abrasives; 
Carbides; Coolants, Oils and Lubricants; Are and Gas Cutting 
Equipment, Saws; Forging, Pressing, Extruding Chemical Milling, 
Slitting, Straightening and Spinning Equpment; Tool and Die Steels, 
Plastic and Other Short-Run Die Materials. 

INDUSTRIAL HEATING EQUIPMENT AND SUPPLIES: Atmosphere Gener- 
ators and Gases; Commercial Services; Furnaces; Controls, Indi- 
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cators and Recorders; induction, Flame and Salt Bath Equipment; 
Ovens; Pyrometers; Quenches; Samplers and Analyzers; Trays, 
Refractory Parts. 

CLEANING AND FINISHING EQUIPMENT AND SUPPLIES: Alkaline 
Cleaning, Pickling, Degreasing, Buffing, Polishing, Blasting, Plat- 
ing, Porcelain Enameling, Purifying, Painting Equipment and Sup- 
plies; Rust Preventives; Abrasives. 

WELDING AND JOINING EQUIPMENT AND SUPPLIES: Gas, Resistance 
and Arc Welding Equipment and Supplies; Electrodes; Adhesives, 
Fasteners; Hard Surfacing, Brazing and Soldering Equipment and 
Supplies. 

INSPECTION AND CONTROL EQUIPMENT AND SUPPLIES: Microscopes 
and Attachments; Analytical and Mechanical Equipment; Gages, 
Comparators, Hardness Testers, Nondestructive, Electronic and 
Other Scientific Inspection Equipment. 

PRODUCTION AND CASTING EQUIPMENT AND SUPPLIES: Electric and 
Vacuum Melting Furnaces; Refractories; Ferro Alloys; Foundry 
Irons and Coke; Rare Earths; Alloying and Refining Agents; An- 
nealing, Soaking and Sintering Furnaces; Rolling Equipment; In- 
dustrial Gases; Foundry Equipment and Supplies. 

PARTS, FORMS AND SHAPES FOR DESIGN AND APPLICATIONS: Cast- 
ings (Malleable, Gray Iron, Steel, Non-Ferrous), Forgings, Extru- 
sions, Powder Metal Parts, Springs, Stampings, Tubings, Weld- 
ments, Wire. 
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the trend is to UNITRON! 


What do you look for when choosing a metallograph? All of the 
popular makes are precision instruments, are reasonably versatile 
and, to a varying degree, are easy to operate. But, except for 
UNITRON, all have the bulk of an office desk or optical bench and 
are tagged with a price that puts a substantial dent in the laboratory 
budget. UNITRON, and only UNITRON, offers a completely equipped 
metallograph in a compact and self-contained unit, taking only 
9” x 12” of table space, which duplicates the performance of large 
cumbersome instruments — and at a price which is hardly more than 
the usual cost of a conventional metallurgical microscope. 


Unlike the case with most metallographs, an adding machine is not 
required to compute its cost. Coated optics supplied as standard 
equipment include 5 objectives, 4 photographic eyepieces and 3 
pairs of visual eyepieces. These give a magnification range of 
25X-2000X. Also included in the purchase price are the built-in 
3%" x4%" camera and viewing screen; high-intensity illuminator 
for vertical, oblique, and transmitted light; variable transformer with 
both voltmeter and ammeter; accessories for transparent specimens; 
polarizing apparatus; filters; film holders; stage clips; cabinets etc. 
Optional extra accessories include Polaroid Land, 35mm. and movie 
camera attachments; low power (5X-40X) objectives for macro work; 
vacuum heating stage for temperatures to 1100°C and long working- 
distance 40X objective; ASTM Austenite grain size viewing screen 
and eyepieces; filar micrometer eyepiece; and additional optics. 


Such a combination of features, versatility, convenience, and value is 
indeed unique with UNITRON. Little wonder then, that more and more 
laboratories are choosing UNITRON .. . from the large organization 
adding another metallograph to its equipment, to the small company 
buying an instrument for the first time. 


=, 


FREE 10 DAY TRIAL 


UNITRON’s Metallograph and Universal Camera Microscope 

Model BU-11 with binocular eyepiece; objectives: M5X, M10X, 

M40X, 40X for transmitted light, 100X oil immersion; paired 204-206 MILK STREET - BOSTON 9, MASSACHUSETT 
visual eyepieces: R5X, KelOX Micrometer, Kel5X; photo eye- ; 


pieces: 10X, 15X, 20X, Micrometer; etc., as described above. Please rush UNITRON's Microscope Catalog 2-2 


Comp 
Address 
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In METALLOGRAPHS... 


What Are the Advantages 
of Electron Beam Welding? 


““Un-weldable” is a word to be used with caution. 
Dissimilar materials, such as aluminum and steel, 
can now be fusion welded by electron bombardment. 
Pieces of widely varying thickness can be joined in 
a single pass. Foil is easy. And weldments, even of 
reactive and refractory metals, look and perform 
almost like a solid piece. 

These and other triumphs are possible with electron 
beam welders because: 


1. Operation under high vacuum prevents con- 
tamination, eliminates costs and uncertainties 
of inert gas. 

2. There is no electrode to contaminate the work. 

. Surface oxides are cleaned up. 

4. Wide variations in total power and in power 
concentration are easily made. 

5. Spot size can be varied from 10 mils to more 
than 6 inches. 

6. Depth to width ratios of 2/1 are possible. 


What Have Been the Disadvantages? 


In most equipment the electron beam is generated 
by applying a high voltage between the work and 
the electron source, with the geometry of the latter 
focusing the beam. Disadvantages include: 

1. Gas bursts and metallic vapors cause frequent 
high voltage discharges. At best, these result 
in annoying interruptions, discontinuous 
welds, and short source life, and at worst, ex- 
tensive damage to the equipment. Attempts to 
reduce discharges by using large vacuum 


pumping systems and automatic protective 
devices add greatly to equipment cost and 
complexity. 


2. Short focal lengths of 1% to 1 inch pose prob- 
lems in welding anything but flat pieces and 
simple cylinders. 


3. Because the work piece is the anode, the 
electric field often changes as the weld pro- 
gresses. This affects the beam and makes 
precision welding difficult. 


How Has NRC Cured These? 


NRC has developed, proved, and applied for a patent 
onan electron beam welder which is as simple to oper- 
ate as a television set. It assures complete freedom 
from high voltage discharges and makes precision 
welding easy. Work geometry no longer is a problem; 
even corrugated pieces can be welded successfully. 
Secret of the NRC Welder’s success is its gun de- 


ELECTRON BEAM WELDER Linecr or circu ar welds can be 
made at speeds of 0 — 0.5 inch per second with the 
standard Model 2405 Electron Beam Welder. Offered 

with a choice of 1, 3, or 6 KW power supply, it is easily Furnace to produce ultra high purity 


adapted for end or girth welding. 


ELECTRON BEAM FURNACE Reactive 
or refractory metals can be melted in a 
standard Model 2460 Electron Beam 


sign. Special shielding protects the gun against gas 
bursts and metallic vapors and prevents high volt- 
age discharges. Electro-magnetic focusing makes it 
easy to change the focal length from 1 to 10 inches 
and spot size from 10 mils up. Since the area below 
the gun is field-free, the electron path is unaffected 
by the shape of the work. 


EQUIPMENT 
CORPORATION 


A Subsidiary of National Research Corp. — Dept. 1-N 
160 Charlemont St., Newton 61, Massachusetts: 
SALES OFFICES: Boston « Chicago « Cleveland « Detroit 
Houston « Los Angeles « New York « Palo Alto « Pittsburgh 


ingots up to 3” in diameter and 14” in 


length. Operation is easy and free from 
interruption. Special shielding prevents high 


voltage discharges. 
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Meets precise metallurgical stendurds in cor vrizing, carbonitriding, 
neutral hardening, sintering, normalizing, annealing and brexing. 


@ Each zone with individual 100% forced convection @ Both forced convection atmosphere cooling and 
heating! hot-oil quench. 


@ Silicon carbide skid-type hearth fully supports light- @ Ipsen pusher units are shipped completely piped, 
weight trays. wired, and tested. 


@ Super-alloyed ceramic tubes guaranteed one year. Cross-section diagrams and complete details cover- 
Ipsen ‘'Flame-Busters” complete combustion within ing all sizes of Ipsen pusher units are shown in 
the heating portion of the tube. Bulletin P-59. Send for your copy, today. 


auTomatiC 


| 
¢ IPSEN INDUSTRIES, INC. + 723 SOUTH MAIN STREET - ROCKFORD, ILLINOIS 


MEAT TREATING UNITS 
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Here’s the NEW ipsen pusher treating 
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Superex is easily combined with other insulations such as Johns-Manville 
Thermobestos®, J-M 85% Magnesia or J-M Insulating Fire Brick. 


Only Johns-Manville Superex insulation 
performs 3 ways better at high temperature! 


Few industrial products are so outstand- 
ingly superior, or so widely used in their 
area of application, as Johns-Manville 
Superex® Insulation. 

A block insulation formulated of diato- 
maceous silica and asbestos for furnace 
and other applications, Johns-Manville 
Superex brings many advantages to high- 
temperature service—each contributing 
, to reduced construction, maintenance 
and operating costs. 

Superex is installed with measurable 
savings in time and labor! It is easy to 
cut and handle . . . weighs only 2 lbs. per 
sq. ft. per inch thickness . . . available in 


JOHNS-MANVILLE 


a wide variety of large block shapes and 
sizes. At high temperature—the mate- 
rial’s excellent insulating value, thermal 
stability and resistance to shrinkage keep 
fuel costs low. Equally important—Su- 
perex saves on maintenance, too... 
easily withstands the daily abuse of nor- 
mal service. 

Send for your copy of IN-190A, the 
12-page design and technical data bro- 
chure. It lists suggested applications— 
gives complete heat transmission tables 
and performance data. Write for it today. 
Address Johns-Manville, Box 14, N.Y. 
16, N.Y. In Canada, Port Credit, Ont. 
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Saves waste. Superex comes in 7 
standard thicknesses from 1” to 4’’. 
Other sizes available on order. 
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Which hubcap 


would you reject? 


MCA’s RareMeT Compound minimizes surface defects 


Deep drawing steels, extensively used in automobile 
production, are often rejected because of surface defects 
which, in turn, cause low yields. Only the best quality 
can withstand deep drawing operations and at the same 
time give high yields. 

Our wide experience in numerous plants throughout 
the country has proven that small additions of RareMet 
Compound aid in the manufacture of these steels by 


increasing hot workability and reducing the size of 
harmful inclusions, 

If increasing demands for better quality, through 
improved surface, play a part in your operations as a 
producer, the economical use of MCA RareMet Com- 
pound is strongly advised. A letter addressed to the 
nearest MCA office listed below will bring prompt and 
confidential response. 


2 Gateway Center 


CORPORATION OF AMERICA 


Pittsburgh 22, Pa. 


Offices: Pittsburgh, Chicago, Los Angeles, New York, San Francisco 
Soles Representatives: Brumley-Donaldson Co., Los Angeles, San Francisco 
Corb Ch A_T, A 


y: gsten, Inc., 
Plants: Washington, Pa., York, Pa. 


Circle 488 on Page 48A 


FEBRUARY 1960 


the most DYNAMIC 
ATTRACTION 


a show ever had! 


at the 1960 PHILADELPHIA 


42nd NATIONAL METAL CONGRESS & EXPOSITION 
Philadelphia Trade and Convention Center + Oct. 17-21, 1960 


Steel, the sinew that binds the strength of America, will serve as a magnetic 
attraction to call attention to every area of metals technology, ferrous and 


EXHIBITORS 

FROM ELEVEN nonferrous, at the most metallic of all Metal Shows — the 1960 Philadelphia 

METALS AREAS Metal Show, now blue-printed and ready to grow into its full dimensions. 
1. Ferrous Metal Producers This new emphasis on the essential metals of industry reflects a growing 


and Distributors 


3 Nonferrous Metal Producers specialization . . . a focusing of attention . . . to yield a greater benefit. 
3. maha states Materials In the evolution of the Metal Show, the time for such refinement has come. 
4. Nuclear Materials and Equipment Now it is possible to achieve a concentration on materials 
that is unsurpassed anywhere for an intensive person-to-person 
6. wlan Equipment interchange of information. The STEEL ARENA is the threshold to a 
7. Cleaning and Finishing Equipment whole new world of metals within the exhibits and technical sessions. 
8. Welding and Joining Equipment The pre-eminence of a Metal Show of these dimensions is worth your 
ond Supplies closest consideration as an exhibitor — you are invited to share its 
benefit in any of the eleven areas of metals listed. 
10. Production and Casting Equipment 
and Supplies 
11. Parts, Forms and Shapes for 
Design and Applications MAKE PLANS NOW 
Exhibitors at the Philadelphia Metal Show g 
will gather their customers and prospects TO EXHIBIT AT THIS GREATEST OF ALL METAL SHOWS! 


from the broad metalworking industry, in- 
cluding automotive, aircraft, appliance, 
ordnance, farm machinery, electrical ma- 
chinery, instruments, and miscellaneous 
metalworking manufacturers . . . creating 
a thriving, effective, profitable market- 
place. If your potential for sales lies in 


any of these areas, the Metal Show AMERICAN SOCIETY FOR METALS AS 


should take priority in your sales plan 
Metals Park ¢ Novelty, Ohio 


for maximum impact in the Soaring Sixties. 


Floor Plan Folders are now available — 
for complete information, consult the 
ASM representative nearest to you, or 
write direct. 

NEW YORK — OXford 7-2667 

CLEVELAND — JOrdan 4-2271 

(Novelty, Ohio) 

CHICAGO — WAbash 2-7822 
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...a benefit every exhibitor, 


METAL SHOW 


A 


Theme Symbol ... towering above the 
colorful, idea-full STEEL ARENA, an 

exciting presentation that will radiate 

its effect throughout the exposition halls to 
provide @ spectacular showcase for all metals 


Wa and their related processes end products. 


This advertisement is currently appearing WIRDNEAGE, STEEL, METAL PROGRESS ana SALES MANAGEMENT, 
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1. Green compacts are closely grouped on per- 
forated steel trays for maximum productivity. 


PERATURES, ATMOSPHERES TIGHTLY HELD 


Serving a large Eastern metal fabricator, this Harper Box 
Furnace sinters a variety of precision parts compacted from 
iron, iron graphite, 4600 series steel and brass powders. As 
the compacts move through the furnace’s pre-heat, high 
temperature and cooling chambers, both temperature and 
atmosphere are controlled to insure precision work in 
numerous ways: 

In the pre-heat (or burn-off) chamber, nickel-chromium 
elements provide temperatures up to 1500° F. An Inconel 
muffle retains protective atmosphere and prevents volatiles 
from collecting on the heating elements to cause short cir- 
cuiting, muffling, grounding or chemical corrosion. Vola- 
tiles burned off at the top outlet are discharged through a 
vent pipe, while carbon and zinc oxide ash are readily 
brushed from the muffle. 

After being pushed into the high temperature chamber, 
the parts can be processed at temperatures up to 2400° F. 
With the chamber’s pneumatically-operated refractory doors 
acting as radiation screens, silicon carbide heating elements 
are arranged above and below the work to maintair the 
temperature desired within +5° F throughout 32” of the 
36” chamber length. Made of silicon carbide, the hearth 
plate retains its flatness under high temperatures. 


2. Loaded tray is pushed through gas flame curtain 
of open charging door into pre-heat chamber. 


From the high temperature chamber, the parts enter the 
water-jacketed cooling chamber. Automatic control of water 
flow assists in regulating work temperature and prevents 
condensation within the liner during idle periods. From start 
to finish in this sintering operation, Harper furnace features 
insure success. 

When it comes to a sintering or brazing furnace of any 
type — box, pusher, mesh belt, roller hearth, bell, elevator 
or pit — you'll find it pays to put it up to Harper — for 
Harper has the experience to both recommend and build 
the furnace that’s best suited to your needs (with either gas 
or electricity or both as the source of heat). For more infor- 
mation, write: Harper Electric Furnace Corp., 40 River St., 
Buffalo 2, N. Y. 


HARPER 


FOR BRAZING, SINTERING, WIRE ANNEALING, BRIGHT ANNEALING, FORGING AND RESEARCH 
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3. Trayload of sintered parts is drawn from cooling 
chamber through gas flame curtain of discharge door. 


12 B&W IFB lined single stack annealing covers in use in the strip annealing department of 
Weirton Steel Company, a division of National Steel Corporation, at Weirton, West Virginia. 


uses lightweight B&W Insulating Firebrick 
for single stack annealing covers. 


These 12 covers, lined with B&W 
K-20 Insulating Firebrick, have been 
in service more than two years in the 
annealing of low and high carbon 
strip from Weirton’s 54” strip mill. 
Identical in construction, the covers 
are over 17 feet from base to skew 
and over 10 feet in diameter. The 
domes are of 9” K-20 IFB construction. 


The K-20 is one of B&W’s lightweight 


Insulating Firebrick. In fact, B&W 
K-20 IFB are at least a third of a 
pound lighter than other 2000 F in- 
sulating firebrick. This means savings 
in the overall weight of portable 
covers. Additional savings in fuel con- 
sumption and cycle time are possible 
because lightweight B&W IFB store 
and conduct less heat. Heat is kept 
in the furnace, not in the lining. 


This application points out advan- 
tages of light weight in insulating 
firebrick constructions. And B&W 
makes the lightest weight insulating 
firebrick. Consult your B&W Refrac- 
tories Representative for information 
on how you can profit with lightweight 
B&W IFB. 


Bulletin R-2-H available on request. 


THE BABCOCK & WILCOX COMPANY 


REFRACTORIES DIVISION 


B&W Firebrick, Insulating Firebrick, and Refractory Castables, Plastics, Ramming Mixes, Mortars, and Ceramic Fiber. 
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SY LVANIA— in the forefront 


of refractory metals processing 


... Tungsten and molybdenum ingots 
up to 10” diameter, 4 ft. long 


. .. Highest purity pellets and powders 


Syivania’s latest achievement is the 
production of refractory metal ingots 
large enough for direct fabrication 
into missile and rocket parts. These 
ingots contain 100% tungsten or mo- 
lybdenum ... or they can be supplied 
as a solid solution alloy of these two 
elements in many combinations. 


¥ SYLVANIA® 


Subsidiary of 


Another important Sylvania advance 
is the in-process machining of these 
ingots before final sintering . . . a dis- 
tinct cost saving. 

However, the smooth as-sintered 
surface of our standard refractory 
metal ingots is suitable for many forg- 
ing and rolling operations. 


Pellets and Powders 


Sylvania produces highest purity pow- 
ders and pellets of tungsten and molyb- 
denum and their alloys. Their uniform 


GENERAL TELEPHONE & ELECTRONICS 
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high quality is the industry standard. 


Arc-casting Electrodes 
Sylvania’s new large-size capabilities 
offer substantial operating economies 
for arc-casters. Electrodes now can be 
produced in sizes up to 10” diameter 
and 4, ft. long. 


For complete information on these 
Sylvania refractory metals, write to 
Sylvania Chemical and Metallurgical 
Division. 


SyLvaniA ELectric Propucts INc. 


Chemical & Metallurgical Div. 


Towanda, Penna. 
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How Lukens Application Research can help you 
find the right steel plate for the job 


Designing for maximum payload means tak- 
ing maximum advantage of today’s high 
strength steels. Experts who know these 
steels—from a practical as well as technical 
standpoint—can give invaluable assistance 
in the early planning stages. This is the job 
of our Application Engineering staff. 

LPG transport tanks and power shovels 
are widely divergent areas in which Lukens 
engineers have helped increase payloads. 

The use of Lukens “T-1” steel plate and 
heads in.tanks for hauling LP-Gas has fos- 
tered an entirely new design concept in the 
tank truck field. This high tensile, high yield 
strength steel (100000 psi) makes it pos- 
sible to mount wheels directly on the tank. 


ASK FOR THE LUKENS 


FEBRUARY 1960 


The dead weight of heavy underframes goes 
into payload. 

Working with a major producer of power 
shovels, our staff suggested tough Lukens 
“T-1” for buckets, dipper sticks, bucket teeth 
and other key parts. Lightweight, welded 
steel plate—rather than heavy castings — 
added as much as 40% to load capacity. 

From these successful projects—and many 
more —our Application Engineers have 
gained knowledge and experience of value 
to design engineers. That’s why we say... if 
your assignment is strength/ weight, let it be 
our assignment, too. Contact Manager, Appli- 
cation Engineering, F-20 Services Build- 
ing, Lukens Steel Company, Coatesville, Pa. 


“T-1" STEEL BULLETIN 
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Helping Industry 
Choose Steels 
That Fit The Job 
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BIG JOBS ARE PART OF LINDBERG’S 


Complete, automated heat treating installation at Griffin Wheel designed and installed 


Several years ago, Griffin Wheel Company's plant at Colton, California began 
heat treating car wheels in a Rotary Hearth Furnace designed and installed by 
Lindberg Industrial Division. it was one of four similar installations at other 
Griffin plants in United States and Canada. Recently, when production at the 
Colton plant needed to be doubled, Griffin again called on Lindberg Industrial 


engineers to develop the necessary methods and equipment. The desired 
result was accompanied by a specially designed Preheat Furnace shown at 
the right above, engineered and installed by Lindberg Industrial and auto- 
mated to work efficiently with the original Rotary Hearth Furnace. Inset shows 
the Lindberg control panels conveniently installed for operation of both furnaces. 


: 
- 


The operation of both furnaces was completely automated. The The original Rotary Hearth Furnace at Griffin has an 
above photo shows the charging of the Preheat Furnace and the outside diameter of 44’. Initial capacity of 13,000 Ibs. 
. automatic conveyor which moves the wheels through the Pre- per hour was doubled with the installation of the new 


heat Furnace and delivers them to the Rotary Hearth Furnace. Preheat Furnace. 


bs 
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THERE'S LINDBERG EQUIPMENT FO 
FULL SERVICE EVERY INDUSTRIAL HEATING NEE 


by Lindberg Industrial Division 


A PLUS DIMENSION IN SERVICE 
TO USERS OF HEAT FOR INDUSTRY 


Most everyone knows Lindberg asa 
builder of fine equipment for any indus- 
trial heating need. But there is a plus 
dimension to Lindberg’s service that is 
_ available to any industry whose product 
requires heat in its making. 
For such people we offer the complete 
designing, engineering, building and in- 
, stallation of the necessary equipment and 
facilities to process any product requiring 
heat—in the quality esired 
by its maker. This service covers broad 
requirements— plant layout and construc- 
tion, when desired, complete, automated 
production lines or just specially 
neered industrial heating equipment effi- 
ciently integrated into your production 
processes. 

You obtain many advantages when you 
offer your industrial heating problems to 
Lindberg. You get the combined skills of 
what we believe to be the country’s finest 
group of engineers and technicians in the 
industrial heating field, with many years 
experience in the solution of all types of 
“heat for industry”’ problems. You need 
give us only your end product specifica- 
tions and you will get the installation, 
from one responsible source, guaranteed 
to achieve the results you need and ready 
to go to work at the turn of a switch. 

Our experience covers the whole range 
of industrial heating methods so you can 
rely on us to recommend the processes 
most suited for your specific need. 

Whatever size your installation need 
be, no matter how rigid your qualit 
specifications are, turn the complete job 
over to Lindberg. You'll be happy with 
the results. 

Lindberg Field Engineers are available 
in 23 major industrial centers in this 
United States and Canada (see classified 
telephone directory) or write direct to: 
Lindberg Industrial Division, Lindberg 
Engineering Company, 2321 West Hub- 
bard Street, Chicago 12, Illinois. Los 


’ Angeles Plant: 11937 South Regentview 
Avenue, Downey, California. In Canada: 
1 Gantry T F : Lindberg Industria! Divi- 5 Melti Holding f 
7 with auxiliary t for heat trea’ of missile resistance and two chamber induction types, rever- 
. and rocket components. beratories, dry hearths and crucibles. Shown: Fieid- 


installed Reverberatory Furnace, 80,000 Ib. capacity. 


2 Heat Treating Furnaces: For every requirement, 


large or small, electric or fuel fired, factory built or 6 At h G it G s for all re- 
field-installed. Shown: Automated Integral Quench quired furnace atmospheres. Shown: Hyen Generator 
Type Carbonitriding Furnace. for endothermic h . 


3 Ceramic Kilns: All types of kilns: automatic, at- 7 Pilot Plant Equipment: Complete group of inter- 


mosphere controlled, high temperature, tunnel and mediate sized furnaces for pilot plant and small 
periodic. Shown: Tunnel Kiln with two automatic production application. Shown: New Graphite Tube 
control zones for temperatures up to 3200° F. Furnace, temperature range 2500° F. to 5000° F. 


4 High Frequency Units: Complete range of induc- 8 Laboratory Furnaces: Complete line of laboratory 


tion heating units and furniture. Shown: New Fioat- furnaces from simple hot plates to specialized re- 
F| B)! a | ing Zone Scanner for production of hyperpure search units. Shown: Versatile, wide temperature 
‘ - materials for semi-conductors. range Laboratory Box Furnace. 
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One of the fastest computing systems ever developed, the 


Computer to eliminate much pre-sorting and pre-collating. 


Each UNIV. con 


UNIVAC Solid-State 
Computer performs at internal speeds commonly associated with large-scale equi 
ment. Its remarkable speed and storage capacity enable the UNIVAC Solid- Sta 
ating, —_ en gan nching, data-collation, a wlating in a si 

Contains over'1,400 printed ‘circuits plated’ with AUTRONEX 


REMINGTON RAND USES AUTRONEX* ACID GOLD 
PROCESS TO PLATE UNIVAC PRINTED CIRCUITS 


Remington Rand, Division of Sperry Rand Corpora- 
tion, Utica, New York, uses the AUTRONEX ACID 
GOLD PROCESS to plate printed circuit boards for 
their world-famous UNIVAC Solid-State Computer 
Systems and Equipment. Installation of the patented 
AUTRONEX ACID GOLD PLATING PROCESS 
for this work, “. .. totally eliminated resist failures and 
rejects in the electroplating phase,” according to a 
report from Remington Rand’s Supervisor of Chem- 
ical Engineering. 


This report goes on to say that “AUTRONEX ACID 
GOLD in printed circuit production offers definite 
advantages and promotes the highest quality produc- 
tion.”” Here are some of these advantages proved in 
Remington Rand’s own laboratories: 


1. Harder and more wear-resistant surfaces. 

2. Elimination of one step in plating cycle — no 
cyanide gold strike required. 

3. Promotes higher bond strength of circuit to di- 
electric base material by minimizing danger of 
damaging the adhesive layer. 

4. Solder flow through plated holes is definitely 
better, thereby improving over-all quality. 

5. AUTRONEX ACID GOLD has totally elimi- 
nated circuit lifting and rejects on boards plated 
after etching. Formulations used previously at- 
— the adhesive and undermined the circuit 
paths. 


The world’s fastest and most advanced electronic data processin 
system for business and scientific use, the UNIVAC Larc Solid- 
State computer, by the Remington Rand Division, Sperry Rand 


The conclusion of the report we have been quoting 
needs no further comment: “We would like to com- 
mend the manner in which your company has serviced 
us in regards to materials, equipment and valuable 
advice. In many instances your promptness in making 
equipment and materials delivery has been instru- 
mental in meeting vital production target dates.” 


The patented AUTRONEX ACID GOLD PLATING 
PROCESS has production-proved its unique advan- 
tages for over two years in the plants of leading 
manufacturers the world over. AUTRONEX can help 
you make a better, more reliable product—probably 
at far less cost than with any gold plating formulation 
you may be presently using. Evaluate AUTRONEX 
ACID GOLD ELECTROPLATE in your own plant, 
on your own product. We'd be happy to plate sample 
parts for you at no obligation. Write...wire...or 
*phone. We’ll make all the arrangements. 


*Trademark for Sel-Rex patented Acid Gold Plating Process 


PRECIOUS METALS DIVISION 


SEL-REX CORPORATION 


NUTLEY 10, NEW JERSEY 


Corporation. The new system, which operates up to 200 times 
faster than any computer in existence, can perform 250,000 addi- 
tions and subtractions of 12-digit decimal numbers per second. 
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PRECISE GAUGE CONTROL 


to your restricted specifications with 


J&L Cold Rolled Strip Steels 


In many critical applications, precise gauge control yields 
worthwhile savings on production costs. Not only does it 
mean increased tool life but it eliminates grinding for 
gauge accuracy and reduces quality control costs by 
minimizing inspection schedules. 


At J&L, specially designed cold mills make it possible to 
exercise precise gauge control —to your specifications. 
J&L processing techniques include the use of AccuRay 
gauges to provide exact measurements during rolling. 
Gauge accuracy is just one of the many restricted speci- 
fications which can be met consistently by J&L. 


J&L offers you an experienced organization devoted to 
strip steel processing combined with fully integrated pro- 
duction facilities. 


WK For your convenience, precision strip facilities 
are available to you in our plants at Youngstown, 
Indianapolis, Los Angeles and Kenilworth (N. J.) 


Jones & Laughlin Steel Corporation +» STAINLESS and STRIP DIVISION + Youngstown 1, Ohio 
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Typical of J&L precise control is this AccuRay thickness gauge 
to help assure tolerances on cold rolled strip steels. 


STRIP 


LOW CARBON + HIGH CARBON + ALLOY + STAINLESS 
TEMPERED SPRING STEEL + ZINC AND COPPER COATED 


; 
- 


METALOGICS—The Ryerson science of giving 
optimum value for every purchasing dollar. 

Get the complete story on Metalogics from your 

Ryerson representative. Be “Metalogical”—call Ryerson. 


STEEL*ALUMINUM * PLASTICS * METALWORKING MACHINERY 


RYERSON STEEL 
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Technical N EWS in Brief 


Aluminum Gains in the 
Automotive Field 


Aluminum is on firm ground in the auto in- 
dustry with use of the metal showing a steady 
increase during recent years. Since 1956 (when 
detailed studies were begun by Aluminum Co. 
of America) the average weight of aluminum per 
car has risen from 35 Ib. to almost 51 Ib, last year. 

Estimates put the weight of aluminum in 1960 
models at an average of 56 Ib. per car. 

Most notable application this year in in Cor- 
vair’s aluminum engine, cast in permanent mold 
of 355-T 6 alloy. The car carries a total of about 
103 Ib. of aluminum. Examples of functional 
uses in other compact cars lie in the transmission 
case and its extension on Ford’s Falcon (permanent 
molded 333 alloy), and the alternator housing for 
the Valient. 

Aluminum has also made significant advances in 
alloys for decorative trim. Mainstays are the high- 
purity alloys such as the 5357, 5457, and 5557 
series. Low iron and silicon content is required 
for best bright anodizing. Typical examples are 
window molding, grilles, decorative side panels. 

The industry is looking for the introduction 
of aluminum bumpers as one of its next major 
moves into the automotive field. Bumpers, now 
more decorative than functional, will probably be 
made of clad aluminum. For strength, the core 
will be an aluminum-magnesium alloy with outer 
layers of a high-purity alloy which can be bright 
anodized. First application of aluminum bumpers 
may be on the compact cars for which simple 
bumper cross sections can be extruded. It is 
claimed that the light bumper would actually be 
10 to 15% cheaper than existing bumpers. Delay 
stems from the change in tooling which would 
be required. Biggest advantage is corrosion re- 
sistance, claimed to be better than plated coatings 
and not seriously affected even if the bumper is 
damaged. 

The industry is also concentrating heavily on 
developing die-casting alloys and improved cast- 
ing techniques. Unfortunately, for decorative parts 
at least, those alloys which are best for bright 
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anodizing are not very good for die casting. Cur- 
rent problems are swirling and rough surfaces 
caused by castings sticking to the mold. 

Inroads in radiator production are being made 
without the fanfare of a few years ago. The 
fuel injection model of Chevrolet’s Corvette, for 
example, now comes with an aluminum radiator. 
General practice is to clad a thin core of 3S or 
2S sheet with 7072 alloy (1.5% Zn) on one side 
and 4043 (5% Si) on the other. The zinc-bearing 
layer is applied for corrosion protection. Fins 
and tubes are joined by dip brazing the fixtured 
parts in a salt bath making use of the silicon- 
bearing coating. Potential weight savings are on 
the order of 10 lb. and it is claimed that the 
aluminum radiator is up to $5 cheaper than its 
copper and brass counterpart. 


Titanium: New Applications 
and Revived Hope 


About 15% of titanium produced in 1959 was 
directed to civilian applications. Most of this 


TITANIUM Parts Resist CORROSION 


Impellers Have Long Life 
in Chemical Solutions 
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went into commercial aircraft. However, by far 
the largest demand for titanium still stems from 
builders of military aircraft, but 1959 saw the 
beginning of a new trend in military use of the 
metal —some 15% of titanium shipped was des- 
tined for missile applications. This is an impres- 
sive increase over 1958 when missiles called for 
less than 1%. 

Recent progress in the use of titanium in rockets, 
cited by T. W. Lippert, Titanium Metals Corp. of 
America, includes: 
© Results of a survey by Pratt & Whitney Air- 
craft indicate that for motor cases of solid rockets, 
a titanium alloy is 30% stronger (or lighter) than 
the best alternate metals. 
© The fourth stage of the Juno II which boosted 
the Pioneer IV into orbit used a titanium rocket 
case. 
¢ A titanium alloy, originally developed to in- 
crease the maximum operating temperature of 
jet engines, also shows promise as a missile struc- 
tural alloy. 

In commercial aircraft, weight savings mean 
economic gains. For example, one airline claims 
that an additional $525 (at mail rates) can be 
realized on each coast-to-coast flight because 
titanium employed in the DC-8 increases its pay- 
load by 1000 Ib. 

Not to be overlooked is the role of titanium in 
the chemical industry where its excellent corro- 
sion resistance is often well worth the premium 
price. Even in most inorganic salts titanium 
valves, pipe and pump parts (picture on p. 65) 
show little corrosion. 

Another important potential area of growth is 
in food processing. Titanium has demonstrated 
in recent tests that it resists damaging corrosion 
in solutions which usually attack nickel and stain- 
less steel. 

A significant trend is pointed out by H. K. 
Inteman, president of Union Carbide Metals Co.., 
in his year-end review: Attitude of equipment 
fabricators toward titanium is changing. It is 
being looked on now as a normal metal of assembly 
rather than one which is a problem to work with. 


New Steels: High-Nickel System 
and a Modified Alloy 


Two new steel developments — both aimed at 
applications where strength and weight are im- 
portant — have been recently announced. Yield 
strengths of over 290,000 psi. have been reported 
by International Nickel Co. for a new series of 
nickel alloy steels. The new alloys, which con- 
tain 20 to 30% nickel, achieve high strength by 
air cooling from the heat treating temperature. 
Good ductility (6 to 10%) and reduction in area 
(20%) are reported for yield strengths on the 
order of 250,000 psi. The best combination of 


strength and ductility seems to be at a composi- 
tion of 25% Ni, 2 to 6% of Ti or Al or a combina- 
tion of the two, 0.05% C (max.), balance Fe. 
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Typical of the possible applications are pressure 
vessels, which can be fabricated by welding in 
the hardened condition without preheat, and 
bearings which require wear resistance as well as 
high strength. Although not yet available com- 
mercially, the nickel-iron alloys have been pro- 
duced in limited quantities of bars, plate, sheet 
and tubing. 


Stronger than 4340 by 7% is the claim made by 
U.S. Steel Corp. for its new “Strux”. The new 
steel contains 0.40 to 0.47 C, 0.75 to 1.00 Mn, 
0.50 to 0.80 Si, 0.60 to 0.90 Ni, 0.80 to 1.05 Cr, and 
0.45 to 0.60 Mo. Primarily aimed at the aircraft 
and missile field, it can be quenched and tempered 
to tensile strengths in the range of 280,000 to 
300,000 psi. Typical longitudinal mechanical 
properties of a forged round after tempering at 
550° F. are 243,000 psi. yield strength (0.2% 
offset), 281,000 psi. tensile strength, 11% elonga- 
tion, and 38% reduction in area. 

Bendix engineers have used Strux in the land- 
ing gear of the A3J, the Navy’s new attack 
bomber. Landing loads on each main gear run 
over 100,000 Ib. when this plane hits the flight 
deck of an aircraft carrier. 


Special Paints for 
Missile Heat 


The search for materials and techniques capable 
of protecting missile nose cones, skins and other 
temperature-sensitive surfaces has led to the de- 
velopment of a paint-like compound which dis- 
sipates heat mainly by sublimation. Called 
“Thermo-lag”, by its developer, Emerson Electric 
Mfg. Co., the paint can be applied with conven- 


New AppPpROACH TO HEAT PROBLEM 


Coating Being Baked on Nozzles 
Protects by Sublimation 


tional spraying, brushing and dipping equip- 
ment. 

Principle behind the paint is that by sublima- 
tion it prevents excessive heating. But the com- 
bined effects of its specific heat, thermal conductiv- 
ity, heat shielding ability, and decomposition and 
ionization of sublimed gases at high temperature 
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also contribute to its excellent heat-dissipating 
characteristics. Sublimation temperature and va- 
porizing time can be tailored by varying the basic 
formulation and thickness of the coating. 

Current uses are mainly in the missiles field. 
For example, power plant nozzles and resonance 
suppressors of the “Honest John” missile are coated 
with paint which sublimes at 2300° F. Tests at 


4500° F. (reached in less than 40 millisec.), have 
also shown that an aluminum suppressor coated 
with Thermo-lag may well turn out to be a satis- 
factory substitute for one made of insulated steel. 


Cryogenic Gyroscope 
Has Long Life 


A unique type of gyroscope, which operates 
through low-temperature “superconductivity” 
phenomena, was announced by General Electric 
Co, last month. This new device is said to spin 
for long periods with virtually no wear and no 
current drain. The rotor which is designed for 
high speed inside a vacuum, floats in a magnetic 
field. Thus, mechanical bearings are not needed. 
Gyroscopes of this type are to be used in missile 
guidance systems. 


High-Strength Pipe Solves 
Thermal Stress Problem 


As examples of the unusual working conditions 
which can be met by properly selected and heat 
treated steel, consider Freeport Sulphur Co.’s pipe 
line for transporting sulphur from off-shore wells 
to storage tanks at Grand Isle, La. Three pipes 
are concentric. The inmost one, 6 in. O.D., car- 
ries the molten sulphur at 300° F. Surrounding 
this is a 7-in. I.D. pipe, the annular space between 
them carrying live steam. The outer shell (of 
ordinary pipe) is 14 in, O.D. and it encloses in- 
sulation. The whole is buried 5 ft. deep in the 
ocean floor. The length of the pipeline is 64 miles. 
A little computation will indicate that the two inner 


PIPELINE FOR Movinc Hor SuLPHUR 


Inner Lines Are Made of High-Strength 
Steel to Withstand Thermal Stresses 
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lines, when brought to working temperature, will 
be 55 ft. longer than the outer casing! 

Rather than take care of this expansion by U- 
bends, kinks, or slip joints, the engineers decided 
to use steel of high enough strength to withstand 
the thermally imposed loads. The two inner pipes 
(seamless tubes) were made of Jones & Laughlin’s 
“Jalloy No. 1”, a 0.15 C, 1.25 Mn, 0.15 Mo tank 
armor steel which has been used in many struc- 
tures and mechanical parts but never before in 
seamless, heat treated tubing. Welded end to end, 
the outer 14-in. casing was placed in 10,000 psi. 
tension by a 135-ton pull and both ends anchored 
securely. “The inner lines were then heated to 225° 
F., allowed to expand freely (about 35 ft.) and 
while hot their two ends fixed to the outer casing. 

Thus during operation (sulphur at 300° F., 
casing at 50° F.), the stresses in the hot pipe will 
be compressive, If the sulphur is drained and the 
line goes cold, the thermal stress reverses and 
becomes about 45,000 psi. in tension. Hence the 
choice of heat treated alloy steel with yield of 
about 60,000 psi. 


Beryllium Fasteners Offer 
Special Properties 


Beryllium has taken on new singificance as a 
fastener material. First applications have been in 
missiles and space vehicles but beryllium bolts and 
other threaded parts will probably find early use 
in atomic equipment. Its weight is only 25% that 


BeRYLLIUM Botts Grounp For CLOosE Fit 


Threads Are Cold Formed 


of ferrous alloys, 70% that of aluminum and half 
that of titanium. Potentially, one pound of beryl- 
lium will do the job of two pounds of steel. 
Beryllium also has significant nuclear properties. 
Beryllium fasteners are already being used to a 
limited but growing extent. No serious fabrication 
problems have arisen at Standard Pressed Steel 
Co's new Exotic Metals Lab. where development 
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and evaluation work is being carried out under Air 
Force sponsorship. Notch sensitivity is still a major 
problem which prevents full realization of the 
metal’s potential. In missile guidance systems, one 
of the most immediate applications, beryllium fas- 
teners are being used where shear loads must be 
carried. Notch sensitivity is not as critical under 
shear as it is when tensile loads are applied. 
Threads are kept away from stressed areas. 


Materials Progress in 
Nonmetallics for Bearings 


The selection of nonmetallics or plastics for bear- 
ing applications requires the same approach as 
applies to metals. Just as no one metal or com- 
posite will suffice for all jobs, no one plastic or 
composite is satisfactory for all dry bearing appli- 
cations. Each use needs to be separately engi- 
neered. This point was made by R. E. Harmon, 
U.S. Gasket Co., in discussing progress in plastics 
for bearing applications at the S.A.E. annual meet- 
ing in Detroit. Developments in nonmetallic 
bearing materials brought out by Mr. Harmon 
which are of interest to metals engineers follow. 

The most stable of all plastics is the fluorinated 
version of polyethylene — polytetrafluoroethylene, 
more commonly known as “Teflon” TFE fluoro- 
carbon resin. This material combines high- 
temperature resistance with a low coefficient of 
friction and is the outstanding candidate among the 
plastics, when properly reinforced or treated, for 
greaseless bearings in automotive and other gen- 
eral applications as given below: (a) where con- 
tamination is critical; (b) with nonlubricating 
liquids; (c) with corrosive substances; (d) at low 
temperature (—320° F.); (e) at elevated tem- 
perature (500° F.); (f) at high humidity; 
(g) where stickup is critical. 

Also considered as bearing-type plastics are 
nylon, “Teflon” FEP fluorocarbon resin and 
“Delrin” acetal resin. The latter two classes are 
in the development production stage. 

Plastic dry bearings fall into the following types: 
(a) unmodified or natural state types, (b) filled 
mixtures, (c) compositions impregnated into wire 
screen or perforated metal with or without attached 
metal backing, (d) woven fabric usually bonded 
by adhesives to metal or other plastic backings, 
(e) impregnated porous bronze with metal backing. 
The newer types are the latter three. 

Fillers greatly improve the physical properties 
important in a bearing. Glass fibers mixed with 
fluorocarbon resins (TFE resin) and nylon were 
first employed. While glass is still employed, 
asbestos, molybdenum disulphide, carbon, bronze 
and iron oxide are used alone or in combination for 
various applications. These fillers in TFE increase 
load-carrying capacity, improve wear resistance 
(up to 500%) and raise the top temperature limit. 
Filled plastic bearings are characterized by a con- 
stant wear curve. Examples of their use are in 
power steering units, farm equipment and railroad 
passenger car applications. 
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Metal-reinforced plastic bearings will carry 
greater loads than natural state or filled mixtures. 
The metal becomes the load-bearing member with 
the plastic acting as the wear resisting surface. Most 
of these types use TFE resin as the wear surface 
although nylon-clad metal is available. 

One of the best performing unlubricated bearings 
is a composite consisting of a steel backing strip, 
a middle layer of porous bronze filled with a mix- 
ture of TFE resin and lead powder and an overlay 
of 0.001 in. of the TFE-lead mixture. This com- 
posite overcomes many of the limiting factors for 
natural state plastics and provides the lowest 
thermal expansion and best heat conductivity of 
any dry bearing. It is used for high-velocity service 
(up to 8000 rpm.) in automotive applications. 
This composite will also run cooler than other dry 
bearings and wear rate is very low, a typical value 
being 4 x 10° in. per year. 


From Here and There... 


Midvale-Heppenstall Co. of Philadelphia has 
announced it will install a consumable-electrode 
vacuum melting furnace capable of producing 
ingots 40 in. in diameter, weighing 25 tons. Most 
of the output (8000 tons annually) will be directed 
to the company’s facilities for die blocks, steel rolls, 
turbine shafts and other parts requiring vacuum- 
melted metal. 


“The chromium-nickel-manganese stainless steels, 
generally called the 200-series steels are a fast 
growing sector within the growing stainless steel 
market,” according to H. K. Intemann, president of 
Union Carbide Metals Co. He predicts a 25% 
increase in production of this series — important 
in architectural and appliance applications — for 
1960 compared with last year. 


In announcing a new screw machine stock alloy 
X 6262, Alcoa states that it offers better machin- 
ability, and greater strength than 6061 with 
corrosion resistance and finishing properties com- 
parable to that alloy. 


More About Malleablie iron 
at Elevated Temperatures 


Our old friends the malleable irons have some 
interesting elevated-temperature properties, such 
as excellent creep resistance and strength. In 
pistons for diesel engines and in furnace fixtures, 
where reliability and long life are required, for 
example, they have been doing a good job for years. 
For design engineers and metallurgists alike, more 
specific information on the performance of malle- 
able irons at elevated temperatures is coming next 
month, when Metal Progress will present a com- 
prehensive report of recent work carried out under 
direction of the Malleable Founders’ Society. 
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Hydroforging... 


a New Fabricating Technique for Tubing 


By M. L. SAMUELS* 


In centrifugally cast tubes of austenitic stainless steel, 

the coarse columnar structure can be broken up by a drastic 

hydraulic expansion from the inside. Annealing at 1950 to 2050° F. 
recrystallizes the cold worked metal (to form small equiaxed grains) 

and removes all residual stresses. Yield and tensile strengths rise 16 to 20% 
without loss in ductility. (G14b; SS, 4-60) 


For some years, piping for special ap- 
plications has been of austenitic stainless steels 
centrifugally cast in metal molds. This product, 
having performed satisfactorily at elevated tem- 
peratures and in corrosive environments, has 
been accepted everywhere. 

There has been one problem, however. As 
cast, these pipes have a coarsely crystalline 
columnar structure, though their mechanical 
and chemical properties meet all requirements 
for cast piping. Since not many metallurgists 
have had first-hand experience with such struc- 
tures, questions regarding their suitability have 
been raised at times. Furthermore, ultrasonic 
testing is not feasible, and mechanical proper- 
ties are somewhat below those obtained with 
a wrought fine-grained austenitic steel of the 
same analysis. 

For these reasons, we have given much 
thought to methods for refining the grain of the 
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cast structure. The objectives were to preserve 
the advantages of casting a hollow cylinder, and 
at the same time produce a material equivalent 
to a wrought product in grain size and strength. 
After much work, we devised a process which 
achieves these aims. For grain refinement, we 
expand the casting while cold and then anneal 
it for recrystallization. This process we call 
“hydroforging”; its development is described in 
this article. 


Exploratory Work 


Test data accumulated over several years 
have shown that austenitic grades centrifugally 
cast in metal molds have high ductility. For 
example, Type 304 castings have an average 
elongation of about 60% and reduction in area 
of about 70%. This suggested that such tubu- 


*Research Metallurgist, U.S. Pipe and Foundry 


Co., Burlington, N.J. 
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Fig. 1—Coarse Columnar Macro- 
structure of Centrifugally Cast Hollow 
Billet Before Cold Expansion. Inset 
illustrates microstructure at 80 x 


lar castings might undergo, without rupturing, 
a cold expansion drastic enough so that sub- 
sequent annealing would produce recrystal- 
lization and grain refinement. To check this 
supposition, we started with a casting which 
exhibited a coarsely columnar grain such as 
shown in Fig. 1. There were two initial ques- 
tions: “How much cold expansion would be 
needed for complete recrystallization during a 
subsequent anneal?”, and “Would the casting 
be able to withstand the required expansion 
without rupturing?” 

To answer the first question, two schemes for 
tensile testing were explored. In one method, 
conical tensile specimens were machined from 
the wall of a centrifugal casting and marked as 
shown in Fig. 3. After testing to failure, the 
specimen was annealed (water quenched from 
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Fig. 2— Hollow Cast Billet Shown in Fig. | 
After Hydroforging and Annealing for Re- 
crystallization. Inset at 100 x reveals that 
grain size has been reduced considerably 


1950” F.), split longitudinally, and macro- 
etched. As Fig. 3 shows, the sharp transition 
between the recrystallized and unaffected grains 
allows an estimation of the breaking load at the 
transition cross section. This same load-per-unit- 
area was then applied to a standard 0.505-in. 
diameter tensile specimen to obtain the cor- 
responding elongation. This value would then 
be roughly equivalent to the percent increase 
in the mean diameter required for the outside 
diameter of a casting. 

The other method was more laborious but 
more revealing. A series of 26 oversize tensile 
specimens was prepared from a casting. Each 
successive specimen was elongated in steps of 
2% over a span from 0 to 52%, as shown in Fig. 
4. Each stretched specimen was then given a 
recrystallizing anneal, remachined to a standard 
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size, and broken in_ tension. 
Figure 5 illustrates the results 
graphically. 

The shape of the curve is quite 
significant. At first, strength in- 
creased mildly; then, between 6 
and 12%, the rise in strength was 
very rapid. Most significant, 
however, is the flattening of the 
strength curve above 20%. The 


grain was completely refined at 7" 
20%, accounting for the large 
increase in strength. Further 


stretching merely resulted in a 
slightly finer grain size. - 


How the Data Were Applied 


This information indicated that 
uniform grain refinement could 
be achieved by expansion. Since _— : 
the smallest expansion would 
occur at the outside diameter, 
we aimed at an increase of 20% 
in the outside circumference. 
The rest of the wall section 
would then expand more than 
20%, and be assured of grain re- 
finement. As the curve was 
relatively flat for extensions 
above this level, a good wall-to- 
wall uniformity of grain size and 
strength was promised. 

Next, would a casting actually take this 
amount of stretch without rupturing during the 
expansion process? After all, it is one thing to 
test specimens and another to subject an entire 
casting to free expansion. This is particularly 
true when the expansion at the inside diameter 
will be considerably greater than the minimum 
expansion required for grain refinement at the 
outside diameter. 

Early expansions were limited to relatively 
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B 0.790 0.4901 

C 0.742 0.4324 

D 0.693 0.3771 
E 0.645 0.3267 
0.2789 
G 0.549 0.2367 
H 0.506 0.2010 


Cross-Sectional 
Diameter Area 


A 0.837 In. 0.5502 Sq. In. 


Fig. 3—Tapered Tensile Bar for Demonstrating 
Recrystallization. Photo shows conical test speci- 
men after breaking and annealing (actual size). 
The taper provides arying degrees of cold defor- 
mation — maximum at the small end, and gradually 
decreasing with increasing cross-sectional area. 
Drawing shows actual dimensions of test specimen 


Fig. 4— Oversize Tensile Bars Cut From a Cast 
Ring Coupon, and Elongated in 2% Steps to 52%. 
After lengthening, the bars were annealed, ma- 
chined to the standard 0.357-in. diameter, and 
tested. Results are graphically shown in Fig. 5 
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Tensile Strength, 1000 Psi 


0 12 24 36 48 
Elongation Before Annealing, % 


Fig. 5— Graph of Results From Tests Shown 
in Fig. 4. At first, the rise in strength is 
slight; then, as recrystallization begins, the 
strength rises rapidly. Between 16 and 20%, 
recrystallization is complete, and the strength 
again rises slowly. The steel is Type 316 


short castings, ranging in diameter from 8 to 12 
in. with wall thicknesses up to 2 in. These 
early castings were expanded in the free state; 
that is, no jacket confined the outside diameter 
to size the tube. Despite this, most of the 
castings expanded fairly uniformly. Appar- 
ently, the first areas to expand developed 
increased resistance to further expansion; this 
allowed neighboring sections to catch up. 

We found it advisable to have the casting as 
ductile as possible before expansion. This state 
was achieved by a solution quench. In this 
condition, Types 304 and 316 steels regularly 
withstood a one-step expansion of around 40% 
on the inside diameter, thereby providing a 
wide working range. In an outside diameter 


TENSILE 
STRENGTH 


YIELD 
STRENGTH 


304 
316t 


30,660 (35,900) psi. 
32,600 (38,000) 


68,550 (83,200) psi. 
68,800 (81,200) 


Table I— How Hydroforging Improves Properties* 


ELONGATION 


62.8 (65.8)% 
52.2 (57.0) 


range of 8 through 48 in., the permissible range 
of wall thickness for a 40% expansion of the 
inside diameter and a one-step expansion is: 


OUTSIDE MaxIMuM WALL THICKNESS 


DIAMETER For 40% I.D. EXPANSION 
8 in. 1.30 in. 
10 1.60 
12 1.90 
14 2.25 
20 3.25 
30 4.85 
48 7.90 


Because of these studies, a tentative process 
specification was set up calling for a minimum 
outside diameter expansion of 20% and a maxi- 
mum inside diameter expansion of 40% in one 
step. When diameters and wall thicknesses are 
not within these limits, cold expansion is done 
in two steps with tubes being annealed after 
the first expansion. 


Drastic Cold Expansion 


After considering several possible ways for 
expanding the cast cylinders, we decided to 
cap the ends and apply hydraulic pressure in- 
ternally. This method was tried on successive- 
ly larger billet sizes with hydraulic pressures 
ranging from 20,000 to 50,000 psi., depending 
on wall thickness and cylinder diameter. 

Cold expansion is done inside a die or con- 
tainer. As Fig. 6 shows, this is a massive split- 
clamp structure into which the casting is placed. 
The inside diameter of the container is that 
desired for the expanded outside diameter plus 
machining allowance. It prevents any part of 
the expanding cylinder from going beyond the 
desired outside diameter and insures that all 
parts come up to size full length and are true- 
round and straight. 

Macrostructures and microstructures typical 
of the “before” and “after” stages are shown in 
Fig. 1 and 2. As can be seen, hydroforging 
changes the microstructure considerably. Note, 


REDUCTION 
IN AREA 


73.9 (73.6) % 
66.0 (67.9) 


* Figures in parentheses and italics represent average properties after hydro- 


forging (cold expansion and anneal). 


tFor averages: Type 304, 17 samples from 8 heats; Type 316, 15 samples from 


7 heats. 
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for instance, that only portions of the coarse, 
columnar grains of the casting can be shown. 
The actual grain size is best visualized from the 
macrostructure. Conversely, the grain size of 
the hydroforged tube structure is well defined 
at 100 diameters; it can be compared directly 
with the standard A.S.T.M. chart. 

A number of direct comparisons have been 
made between room-temperature tensile prop- 
erties of individual heats before and after hydro- 
forging. Test results of this sort, from eight 
heats of A.L.S.I. Type 304 and seven heats from 
Type 316 stainless, are shown in Table I. This 
table reveals that grain refinement, from hydro- 
forging, has increased both yield and ultimate 
strengths up to 20% without loss in ductility. 
In fact, there is usually a moderate increase 
in elongation and reduction in area. 

It should be noted that the “before” and 
“after” comparisons shown in Table I are in 
each instance from the same parent heat. Thus, 
no effect of compositional variables has entered 
the picture. Hydroforged materials easily pass 
the yield and ultimate strength requirements 
(30,000 and 75,000 psi., respectively) prevailing 
in wrought austenitic tubing and pipe specifica- 
tions. Also, mechanical and corrosion proper- 
ties are virtually isotropic. Comprehensive 
tests at elevated temperatures also proved that 
properties of hydroforged castings were equiv- 
alent to those for wrought stainless of corre- 
sponding grades. 

Since most early applications for hydroforg- 
ings involved temperatures of about 700° F. 
and pressures around 2500 psi., creep charac- 
teristics were not significant. However, data 
concerning short-time tensile properties from 
room temperature to 800° F. were collected. 

It should also be possible to use hydroforged 
pipe at still higher temperatures. We have thus 
begun long-term programs of stress-rupture and 
creep testing. To date, results indicate the 
values expected of a wrought product. 


Advantages of Hydroforging 


Avoidance of the ingot stage and associated 
forming into long tubes is the major advantage. 
The molten metal instead is centrifugally cast 
into tubular form to the diameters and lengths 
required. Only cold expanding plus an anneal 
and machining is then needed. The drastic 
cold expansion, while done for a different 
reason, constitutes a rigorous and searching 
hydrostatic test. All hydroforged cylinders 
demonstrate immediately that they were able 
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Fig. 6 — View of 18-In. Diameter 
Die With Hydroforged Cylinder. 
Open and closed positions are shown 


to withstand a bulge of at least 20% without 
rupture. Subsequent recrystallizing at 1950 
to 2050° F. then removes work hardening and 
stresses introduced by cold working. Carbides 
are also dissolved. 

Another advantage of practical significance: 
Seamless piping can be produced with a wide 
range of ferrite content. Some users of stain- 
less piping at either room or moderately ele- 
vated temperature prefer the higher strength 
exhibited by the two-phase or ferrite-containing 
alloys. This material, however, is not ame- 
nable to certain hot working operations such as 
piercing or ext: ding to form the steamless 
product. Conversely, hydroforgings can range 
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Table II — Relationship Between Properties and Structure* 


TENSILE 
STRENGTH 


YIELD 


Heat No.t 
STRENGTH 


| 29,050 (56,500) psi. 
| 29,520 (32,200) 
| 36,370 (40,550) 


62.500 (79,800) psi. 
64,120 (80,250) 
73,620 (85,450) 


| 
| 


| 
REDUCTION 
IN AREA 


ELONGATION 


58.7 (56.7 
52.5:(56.7 


60.0 (56.8 


*Values in parentheses and italics are obtained on hydroforged material. 
tT ype 316 stainless. R-5568, fully austenitic; R-5571, close to dividing line; R-5570, 


unbalanced on ferrite side of A.I.S.I. composition range. 


from the fully austenitic (or completely single- 
phase structure) to at least a 10% ferrite content. 

Test results from three heats of Type 316 
stainless hydroforgings illustrate this latitude 
in analysis and relationships between properties 
and composition. One heat (R-5570) was made 
to the unbalanced or ferrite side of the A.LS.1. 
range, another (R-5571) close to the dividing 
line, and the third (R-5568 ) on the fully austen- 
itic or single-phase side. Table II lists results 
before and after hydroforging. 

A fairly wide range in diameters of hydro- 
forged pipe has been commercially produced. 
For example, Fig. 7 shows a series of such 
hydroforgings. Since centrifugal castings with 
an outside diameter of 40 to 50 in. can be made, 
it seems reasonable to expect that they can also 
be expanded to produce hydroforgings for very 
large piping or for pressure vessels if such a 
demand develops. Wall thickness can be in- 
creased correspondingly in these larger sizes. 
With respect to length, hydroforged pipe has 
been made up to 16 ft. to date, but facilities 
now available will permit production of pipe 
more than 20 ft. in length. 

Obtainable grain sizes are not quite as fine 


Fig. 7 —“Before” and “After” Macrostruc- 
tures for a Variety of Sizes. These tubes range 
from 8% to 25 in. outside diameter and from 
about 0.906 to over 2 in. in wall thickness 


as can be produced in very small-diameter, 
thin-walled tubing, which is normally finished 
by being severely cold worked and annealed. 
However, grains are usually smaller and more 
uniform than they are in certain large, heavy- 
walled forgings which have to be finished at 
forging temperatures. To date, grain sizes have 
ranged from 2 to 5 on the A.S.T.M. standard 
chart, and have always been fine enough to 
permit ultrasonic testing. This inspection tool, 
in contrast to localized tests such as tensile 
or ring flattening, searches every inch of the 
cylinder. If unrefined remnants of the coarse 
cast structure existed, the autographic tape 
record would show their presence. 


Conclusion 


The hydroforging development has passed 
through the experimental and pilot production 
stages, and is now in regular commercial pro- 
duction. Several thousand feet of pipe have 
been supplied in sizes ranging from 8 through 
18 in. in diameter with varying wall thicknesses. 
Most of this material has been produced for 
use as primary coolant pipe in the Navy’s Nu- 
clear Reactor Program. All the requirements 
of A.S.T.M. A-376 and 312, including those 
listed as supplementary, have consistently been 
met without difficulty in the course of making 
several hundred commercial heats. S$ 
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Fig. 1 — Model of a Single 
Crystal of a Molecular Sieve. 
White marbles represent 
oxygen molecules in silicon 
and aluminum _ tetroxide 
tetrahedra, while dark mar- 
bles represent the sodium 
cations in the Type 4A 
Molecular Sieve. When the 
water of hydration is driven 
from these man-made crys- 
tals by heating, a porous 
structure remains. This 
structure acts as a strainer 
to remove unwanted gases 


Molecular Sieves 
in Atmosphere Control 


By HERBERT W. WESTEREN* 


These synthetic crystalline compounds, now being widely used 

in atmosphere generators, have a great affinity for water and other polar compounds, 
and can separate gases and liquids with remarkable selectivity 

according to their molecular sizes, polarity and carbon bond saturation. 

Specific applications in gas drying, air drying, and gas separation 

are discussed along with the equipment which employs this new adsorptive agent. 


Tue recent DEVELOPMENT of a new ad. 
sorptive agent, the Molecular Sieve, by the 
Linde Co. (a division of Union Carbide Corp.) 
has had a far-reaching effect on the metal indus- 
try. A very versatile material, this new product 
dries gases, air, hydrogen, and chemical streams 
with great effectiveness. Molecular Sieves have 
also been found useful in purifying gases and 
separating hydro-carbons. 

The sieve material is produced in three types 
termed 4 A, 5A, and 13 X, and can be obtained 
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(J2k, W28a; NM-a) 


in cylinders (1/16 or ¥% in. in diameter by 3 
to 5 diameters in length) or in beads. In physi- 
cal appearance, Molecular Sieves are a chalk- 
like substance resembling many natural clays, 
but here the similarity to ordinary materials 
ends. Molecular Sieves are composed of man- 
made crystals with properties similar to some 
natural zeolites. If it were possible to inspect 
a single crystal, the observer would find that 


Assistant Director of Research, C. I. Hayes, Inc., 
Cranston, 
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Fig. 2— Molecular Sieve Compared With Other 
Types of Adsorbers. Since oo amounts of 
water can be rem »ved at comparatively high tem- 
peratures, still higher temperatures are needed 
to reactivate the material. For this reason, spe- 
cially designed equipment is generally necessary 


it is composed of numerous atoms arranged in 
a structure similar to the model in Fig. 1. 
Molecular Sieves are manufactured by a 
hydrothermal process. The zeolite is first 
crystallized as a sodium alumino-silicate (Type 
4A). It can then be ion-exchanged with cal- 
cium to produce Type 5A. Water of hydration 
is removed by heating. When the water is 
driven off, the crystal does not collapse or 
rearrange itself. Instead, the physical structure 
remains unchanged, a network of uniformly 
sized pores appearing in place of the vanished 
water. These openings act as screens which 
trap or adsorb any molecules in the vicinity 
which fit into them. Sieve openings are meas- 
ured in Angstroms with Type 4 A sieves having 
4-Angstrom openings, Type 5 A, 5 Angstroms, 
and Type 13 X, 9 Angstroms. The volume of 
these spaces is approximately equal to the vol- 
ume occupied by the crystalline material itself. 


Selective Separation Is Possible 


Because of the precise uniformity of pore 
sizes and the unique surface adsorption proper- 
ties, gases or liquids may be selectively sepa- 
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rated and dried. For example, 
water may be removed from hydro- 
gen, CO, may be removed from 
nitrogen, or ammonia may be re- 
moved from hydrogen-nitrogen gas. 

When Molecular Sieves have be- 
come saturated to equilibrium with 
surrounding conditions, they can 
be desorbed by raising their tem- 
perature and purging to flush out 


v Alumina-Type Adsorbent the desorbed molecules. The 


amount of any given material that 
is adsorbed will vary with the vapor 
pressure of the adsorbate, and the 
temperature at which the operation 
is performed. 

Actual experience has demon- 
strated that Molecular Sieves will 
out-perform other adsorbent mate- 
rials. Although somewhat higher 
in cost per pound, they are highly 
practical and economical because 
their adsorption capacities gen- 
erally exceed those of other adsorb- 
ants and because they can readily 
be desorbed and reactivated after 
saturation. In properly designed 
equipment, Molecular Sieves will 
give very long, effective, and eco- 
nomical service records. 

As a word of caution, “proper equipment” 
means dryers or reactivators specifically de- 
signed for use with the new material. For 
example, Fig. 2 illustrates that Molecular Sieves 
can adsorb large quantities of water even at 
relatively high temperatures. Therefore, it is 
apparent that the material must be desorbed at 
still higher temperatures if it is to be reactivated 
to its full capacity. When dryer equipment 
which uses alumina or a silica gel is converted 
for Molecular Sieves, it is difficult to restore the 
new desiccant to its full potential. Desorption 
is incomplete at the temperatures used for other 
materials. To realize the full advantages of 
Molecular Sieves, equipment must be engi- 
neered specifically for their use. 

The first essential when requesting or pre- 
scribing data on equipment to be used with 
Molecular Sieves is accurate figures on load 
conditions, pressure, temperature, moisture con- 
tent, and other factors. The necessity for ac- 
curate data on loading cannot be stressed too 
greatly. In the metal industry, this is usually 
expressed in terms of the dew point of air. Air 
at —10°F. dew point contains approximately 
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0.26 grain of water per cu.ft; 0° F. dew point 
equals 0.44 grain; + 10° F. equals 0.75 grain; 
and + 40° F. equals almost 3 grains. Since the 
water content at + 40°F. dew point is more 
than six times that at 0° F., the amount of 
Molecular Sieve and the size of the drying 
equipment to handle influent gases at + 40° F. 
dew point would be about six times that re- 
quired to handle the same volume of gas at 0° F. 
dew point. This point is stressed since the 
moisture of the gas to be dried has a great 
effect on the size of equipment and, likewise, 
on the results obtained. A properly designed 
dryer using Molecular Sieves should give efflu- 
ent moisture content in the neighborhood of 
— 100° F. dew point regardless of the influent 
dew point. 

The great potential of Molecular Sieves has 
challenged equipment manufacturers to design, 
develop, and produce new equipment. Drying 
systems are now commercially available and 
have been installed with gratifying results. 
New pieces of equipment and systems are being 
continually developed to meet the growing 


requirements of industry. Here are a few ex- 
amples of the Molecular Sieve at work. 


Removing Oxygen From Hydrogen 


Pure bottled hydrogen is used in heat treat- 
ing applications where nitriding effects must be 
entirely eliminated. As bottled, the gas con- 
tains some oxygen which, unless eliminated, can 
discolor the work. Usually, the hydrogen is 
passed through a platinum catalyst bed. Helped 
by the catalyst, the oxygen combines with 
hydrogen to form water vapor. In the deoxi- 
dizing process, the dew point rises from about 
—15° F. to about + 15° F., or 1 grain per cu.ft. 
When heat treating some materials (such as 
stainless steels and vacuum tube parts), a gas 
with a considerably lower water content is often 
needed. Hydrogen can be dried to — 100° F. 
dew point by passing it through a desorbed 
bed of the required depth of Molecular Sieves 
at the proper temperature, pressure, and flow 
velocity. 

Another example is dissociated ammonia. 
Though it usually contains a relatively low per- 


Fig. 3— The Dryer in the Background at the Right Side Supplies 
Dry Air to the Enclosed Sections. In the vacuum oven, partly 
assembled transistors are baked dry at above 200° F., and finally 
assembled in an atmosphere containing less than 12 ppm. moisture 


centage of water (dew points between — 40° F. 
and — 60° F.), this hydrogen-nitrogen mixture 
also will have a certain amount of unwanted 
ammonia gas—up to 500 ppm. Ammonia is 
almost as easily adsorbed as water by Molecu- 
lar Sieves. Thus, when a stream of dissociated 
ammonia is passed over a properly activated 
bed of Molecular Sieves, both water and am- 
monia will be removed. Water will be reduced 
to less than — 100° F. dew point and the am- 
monia concentration lowered to under 5 ppm. 
Since this is a co-adsorption process, it should 
be re-emphasized that the equipment must be 
specifically designed to reactivate the bed 
adequately. 

Dissociated ammonia is extensively used as 
an economical substitute for bottled hydrogen, 
where the work can tolerate a trace of nitriding. 
Molecular Sieves can reduce water and am- 
monia concentration of dissociated ammonia to 
such an extent that it can be used effectively 
as a protective atmosphere for stainless steels 
and other similar alloys. 


Dried Air Is Useful 


Air which has been dried at either high or 
low pressures to a very low moisture concentra- 
tion has a wide range of industrial applications. 
As an example, dry air has recently been sub- 
stituted for the more expensive nitrogen which 
is normally used for “dry box” atmospheres for 
the assembly and manufacture of transistors. 
An example is the installation shown in Fig. 3. 
Installed at Lansdale Tube Div. of Philco Corp., 
this dryer supplies dry air to the closed-in sec- 
tion of the machine where partly assembled 
transistors are baked dry in vacuum ovens at 
over 200°F. with 4-micron vacuum. They 
are finally assembled in an atmosphere con- 
taining less than 12 ppm. of moisture. This 
assembly consists of cold welding the caps on 
the transistors with a hydraulic press. Any 
excess moisture here would raise the electrical 
conductivity of the air sealed into the transistor 
body, and alter unpredictably the electrical 
characteristics so vital to a reliable transistor. 

Air dried by the Molecu-Dryer is used in 
four sealed, glass-paneled cabinets connected 
end-to-end so that the four operators of this 
super-clean section can pass the transistors 
down the line on trays or conveyers. Girls 
handle the tools and products with arm-length 
rubber gloves which are sealed at the armhole 
end to the front wall of each cabinet. The total 
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space in these cabinets is about 50 cu.ft. To 
replace air lost through airlocks in bringing 
trays of parts into and finished transistors out 
of the enclosed area, make-up air is supplied at 
3 cu.ft. per min. 


Exothermic Gas 


Recently, a great deal of interest has been 
aroused regarding the use ot Molecular Sieves 
for the adsorption of CO, and water vapor from 
exothermic gas. This could be important in 
heat treating processes. Recent tests have 
proven that impact strength of hardened steels 
is increased when such steels are treated in this 
atmosphere. Though it is still a little early to 
evolve a theory that completely accounts for 
the greater toughness of steels so treated, it is 
clear that eliminating CO, and water vapor 
(which minimizes any tendency toward decar- 
burization) makes it unnecessary to use the 
atmospheres containing hydrogen that are pro- 
duced by an endothermic generator. The dry 
nitrogen, plus a little carbon monoxide, protects 
the steel without disturbing its structure. 

However, to obtain these results it is neces- 
sary to use the correct equipment. Exothermic 
gas usually has a dew point of + 70 to + 80F., 
and may have a CO, content of 10%. To re- 
move all this water and CO, would require a 
dryer with a chamber containing some 2400 
Ib. of Molecular Sieve for each 1000 cu.ft. per 
hr. of the flow of exothermic gas, operating on 
a normal 8-hr. cycle. The initial cost of instal- 
ling equipment of this size would be prohibi- 
tive. Instead, it has been necessary to install 
not an ordinary gas dryer, but a complete gas 
generating installation. This system includes 
Molecular Sieves arranged so that the desiccant 
may cycle through its adsorption and desorption 
stages every 30 to 60 min. Such rapid cycling 
reduces the over-all size of the installation to 
one-sixteenth or one-eighth the size which 
would be required on an 8-hr. basis. 

This article has discussed only a few appli- 
cations of Molecular Sieve drying which are 
frequently encountered in industry. More un- 
usual applications of drying, purifying, and 
recovering of gases and liquids are either under 
engineering study or have just recently been 
put into service. In the meantime, industrial 
engineers continue to work in close cooperation 
with specialists experienced in the design of 
equipment to house the sieves. The benefits 
of this kind of teamwork are limitless. C+} 
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A New Class of Lead-Base Alloys 


By D. N. WILLIAMS, 
J. A. HOUCK 
and R. I. JAFFEE* 


Experimental work indicates that dispersing a metal powder in lead 
improves its tensile properties. Made by stirring powders 

of low solubility such as copper, nickel and cobalt into molten lead, 
the new alloys show promise in extending the usefulness 

of the heavy metal. (C5r, Q27a, R6g; Pb) 


Leap nas Two Cuaracrenistics which are 
relatively unusual in a metal — low melting tem- 
perature (621° F.) and low solubility for most 
of the other metals. This has led to the con- 
cept of forming two-phase alloys of lead and 
another metal by direct mixing of molten lead 
and finely divided powdered metal. Such alloys 
might prove useful from the standpoint of im- 
proved properties of the lead base and some 
special characteristics of the second phase 
additive. 

An exploratory study of the feasibility of 
forming alloys of this type — referred to here- 
after as lead-cemented alloys — has been con- 
ducted at Battelle Memorial Institute in cooper- 
ation with the Lead Industries Association. 
Results of this study are presented here. 


Selection of Alloying Materials 


Lead-cemented alloys are prepared by direct 
mixing of a finely divided solid phase in molten 
lead. This procedure will work satisfactorily 
only if certain requirements are met. Foremost 
among these are low solubility and good wet- 
tability. It is essential that the finely divided 
solid material not dissolve in molten lead to 
any appreciable extent. At the same time, to 
enhance mixing of the solid and liquid phases, 
good wettability is required. This is most easily 
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obtained if a slight degree of solubility exists. 
Fortunately, a number of metals such as cobalt, 
copper, iron, molybdenum, nickel and tungsten 
show the requisite low solubility in molten 
lead for satisfactory alloying. All of these 
metals are easily obtainable in powdered form. 
The composition of the lead phase could also 
be varied over a considerable range, with either 
alloying elements completely soluble in both 
liquid and solid lead or with alloying elements 
which form eutectics or precipitates in solid 
lead. However, the present investigation was 
limited to the use of an unalloyed high-purity 
lead base. 
Mixing Procedures 


The most satisfactory mixing procedure is 
determined by the amount of solid material to 
be added. For relatively small additions — up 
to about 15 vol.% — high-speed propeller mixers 
are satisfactory. When the amount of solid 
material is greater, the mixture becomes quite 
sluggish, with the characteristics of a wet 
cement. These mixtures are best prepared by 
use of a slowly revolving crucible modeled 
after a cement mixer. A drawing of equipment 
for preparing lead-cemented alloys having 


* Nonferrous Physical Metallurgy Div., Battelle 
Memorial Institute, Columbus, Ohio. 
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more than 15 vol.% additive is shown in Fig. 1. 

Some of the metals—notably copper and 
nickel — stir quite easily into molten lead. 
Others, however, resist mixing attempts because 
of an oxide film on the powder surface. By 
reducing the oxide with hydrogen, and mixing 


Table I — Tensile Properties of Several Lead-Cemented Alloys* 


ComPOSITION STRENGTH | ELONGATION 
Unalloyed lead 1940 psi. 65% 
Nickel, 30 vol. % 5150 12 
Nickel, 15 2480 10 
Copper, 30 | 4050 6 
Tungsten, 30 | 4450 14 
Iron, 30 1670 5 
Cobalt, 30 3110 9 
Cobalt, 18 4820 12 


| | 


*0.505-in. bar samples tested at a crosshead speed of 0.02 in. per min. 


Table II — Corrosion of Lead-Cemented Alloys in 
H,SO, at 140° F. 


Weicut Loss 1n 96 Hr.* 


COMPOSITION 
40% H.SO, 95% H.SO, 
Unalloyed lead 0.092 g./sq.in. 4.887 g./sq.in. 
Copper, 30 vol.%| 0.156 14.510 
Cobalt, 18 0.112 1.820 
Tungsten, 30 0.170 4.960 


| 


*Sample size, % in. diameter by 2 in. long. 
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Steel Crucible (Removable) 


REDUCTION OF AREA 


Fig. 1 — Apparatus Used to Prepare 
Lead-Cemented Alloys Containing 
More Than 15 Vol.% Solid Material 


under hydrogen, these difficulties were 
overcome. (Note provision for main- 
taining a hydrogen flame over the melt 
in Fig. 1.) These procedures in con- 
junction with a high mixing tempera- 
ture permitted the introduction of a 
number of metals into molten lead. 

The amount of powder added to the 
lead was varied from less than 15 to 
more than 50 vol.%; it was added di- 
rectly to the melt, a small amount at a 
time, until mixing was complete. 


Characteristics of the Alloys 


The dispersion of solid metal powder 
in molten lead was cast directly from 
the mixing crucible into an ingot mold 
and solidified rapidly to prevent gravity 
separation. Porosity was minimized by 
vibrating the mold at low frequency 
until the metal solidified. After being scalped 
to remove surface defects, the ingots were ex- 
truded to rod at 500 to 550° F. Extrusion of the 
alloys generally proceeded satisfactorily. If 
mixing was incomplete, however, so that 
pockets of unwet powder were present in the 
ingot, severe surface cracks 
often formed during extrusion. 

Metallographic examination 
of the extruded bars shows that 
the cemented alloys consist of 


98% a uniform dispersion of metal 
22 powder in a lead matrix. No 
1S d 

9 eformation of the metal pow- 
%6 der seems to occur during ex- 
6 trusion. Figure 2 shows a typi- 
19 cal structure. Very little of the 
26 


metal powder dissolves during 
mixing but some agglomeration 
of particles is evident. 

As shown in Table I, metal 
powders generally improve the tensile strength 
of lead. Excessive agglomeration apparently 
caused the low strength of the cemented alloy 
which contains iron. 

Although a complete study of the effect of 
powder size, shape and amount on tensile 
strength was beyond the scope of this investi- 
gation, some interesting trends are apparent in 
the data given in Table I. An optimum com- 
position seems to exist for each powder used. 
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Fig. 2 — Typical Structure of an Extruded 
Lead-Cemented Alloy. This one contains 
30 vol.% Ni. Although nickel particles 
have agglomerated to some extent, their 
shape is not changed by extrusion. 250 x 


For example, an alloy of 18 vol.% Co is superior 
to one containing 30 vol.% Co, but 30 vol.% Ni 
is superior to 15 vol.% Ni. Also, properties are 
improved most when a more spherical powder 
shape and a finer particle size are used. Results 
obtained in this study suggest strongly that 
amount, size and shape of the powder are ap- 
preciably more significant in controlling tensile 
properties than composition of the powder. 

The tensile properties of several cemented 
alloys as a function of temperature were also 
determined. Representative data are given in 
Fig. 3. The ability of the lead-cemented alloys 
to retain strength at elevated temperature is of 
considerable interest. If a similar benefit is ob- 
served in creep loading (no creep studies have 
been made), alloys of this type should raise the 
upper temperature limit to which lead alloys 
can be used. 

Measurements were also made to determine 
the effect of the dispersed metal phase on the 
resistance of the alloys to corrosion in sulphuric 
acid at two concentrations, 40 and 95 vol.%. 
These data are shown in Table II. Corrosion 
resistance of the lead-cemented alloys is gen- 
erally inferior to that of unalloyed lead. How- 
ever, the corrosion rate decreases more rapidly 
with time in the cemented alloys than in unal- 
loyed lead, possibly due to the dispersed powder 
which may cause tight adherence of the cor- 
rosion product. One alloy with 18 vol.% Co 
was superior to lead in 95 vol.% sulphuric acid 
concentration. 

Extruded lead-cemented alloys machine 
better than unalloyed lead. This suggests the 
possibility that these alloys may be amenable 
to joining with threaded joints. 
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The present study was intended to show the 
feasibility of producing a new class of lead 
alloys, the lead-cemented alloys. The next step 
is to develop alloys toward specific uses. For 
example, the data already available suggest 
that certain alloys may be especially useful in 
the chemical industry as corrosion resistant 
alloys capable of bearing greater stresses at 
higher temperatures than present alloys. The 
structures may also be of interest in bearing- 
metal applications. Alternately, applications 
may be based upon some special characteristics 
of the dispersed phase —the magnetic char- 
acteristic of iron powder, for example — with 
lead serving principally as a binder to permit 
easy casting and fabrication. Most materials, 
both metallic and nonmetallic, could probably 
be made sufficiently wettable to permit their 
introduction into lead. Or perhaps special uses 
may be developed which are uniquely suited 
for these alloys. A hypothetical example is a 
duplex radiation shielding material for use at 
elevated temperature, where both components 
of the alloy provide a specific shielding char- 
acteristic, and the structure of the alloy provides 
the necessary resistance of flow. ] 


Fig. 3—Tensile Strength of Several Lead- 
Cemented Alloys as a Function of Temperature 
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Progress Finishing 


How to Determine Requirements 


Reduced costs in rinsing operations can be achieved by applying 
some basic principles. Here is an example. (L12e, L17) 


C, = concentration of plating or cleaning solu- 
tion (oz. per gal.). Typical dragout figures for 
flat parts are as follows*: 


E.vecrropiaters see many of their profit 
dollars go down the drain as waste water from 
processing operations. Complying with rigid 
antipollution laws is expensive whether you are 


constructing new plating facilities or trying to 
hold down production costs. This article de- 
scribes how I.B.M. handled the problem at its 
plant in Rochester, Minn. We applied some 
basic principles, cut our rinse water flow with- 
out sacrificing quality, and increased our profits 
on plated parts. 


Dragout Determines Required Water Flow 


Dragout is that part of the solution which 
is carried from the bath by the parts being 
processed. It varies with the geometry of the 
part and can be determined by processing 
sample parts in the plating or cleaning bath 
and washing them in a rinse tank of fresh water 
to which no new water is added. The amount 


Vertical parts, 
well drained 
Vertical parts, 
poorly drained 
Vertical parts, 
very poorly drained 4.0 
Horizontal parts, 
well drained 0.8 
Horizontal parts, 
very poorly drained 10.0 


0.4 gal. per sq.ft. 


2.0 


The concentration of contaminant in the 


water remaining on the parts is a measure of * 
the effectiveness of the rinse. The allowable a, 
concentration (C;) must be pre-established by big 
considering the effect of contaminating ions 
(dragover) in subsequent plating solutions. 


Rinsing after a hydrochloric acid bath prior to 
chromium plating must be thorough; in our 
process C; must not exceed 0.002 oz. per gal. 
1000VC, Rinsing after an acid dip prior to copper plating 
an is not as critical; C, equal to 0.1 oz. per gal. is 
ANC, permissible here. The concentration of the 
where: S = dragout (gal. per 1000 sq.ft.), V = plating and cleaning solutions must be firmly 
amount of rinse water (gal.), A = area of parts established. 
(sq.ft.), N = number of cycles or racks, C; = 
allowable concentration of plating or cleaning 
chemicals in final rinse bath (oz. per gal.), and 


of dragout can then be calculated by the 
following formula: 


*Source: Electroplating Engineering Handbook, 
by A. K. Graham, Reinhold Publishing Co., New 
York, 1955. 
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_ Rinse Water in Plating Processes 


Our experience shows that good design of a 
rinsing system calls for a water flow from tank 
to tank opposite to the movement of parts. 
Agitation and spray equipment improve the 
rinse effectiveness. 

A simplified formula for calculating the rate 
of flow in a countercurrent system is: 


1 
F= Ss (=) n 
t\ C, 


where: F = rate of flow of fresh water (gal. per 
min.), t = time interval between rinsing oper- 
ations (min.), and n = number of rinse tanks. 
(S, C,, and C, were defined previously.) 

Results of sample calculations are shown in 
Table I. The figures show the beneficial effect 
of countercurrent flow and multiple rinsing 


*Advisory Engineer, Materials Laboratory, Inter- 
national Business Machines Corp., Rochester, Minn. 


By H. W. PARKER* 


especially where the ratio of C,:C, is low. 

In our plating department we had expected a 
water flow of 875 gal. per min. By application 
of this method, we reduced the water needed 
to 200 gal. per min. In one chromium plating 
line, we cut the water flow from an expected 
159 gal. per min. in a single rinse tank to 0.85 
gal. per min. with countercurrent flow in two 
tanks. We considered past experience, part 
geometry, and estimated dragout. Since the 
plating or cleaning bath concentration (C,), the 
allowable concentration of contaminant in the 
final rinse bath (C;), and the transfer time (t) 
were known, we could calculate the rate of 
flow (F) for any number of tanks (n). 

Our final figure of 200 gal. per min. for all 
our operations includes a safety factor and an 
allowance for future expansion of 100 gal. 


per min. 


Table I— Rinse Water Requirements in Single and Multiple-Tank Countercurrent Systems 


BATH 


| 
CONCENTRATION, | CONCENTRATION OF 
CONTAMINANT, Cy 


WaTER REQUIRED FOR EQuivALENT RINSE 


3 TANKS | 2 TANKS 1] TANK 


Chromium 53.0 oz. per gal. | 0.002 oz. per gal. 
0.005 


Cyanide 13.1 

Cleaner 4.0 | 0. 

Acid | 32.0 
0. 


| 
l 
Acid 32.0 002 


gal. per min. | 


| 


889.0 
189.0 


47.0 


] 
l 
] 
] 635.0 


7 

7 

93 11.7 
6 


FEBRUARY 1960 


= 
TEM 
| 
| 


Heat Treating 


Electroless Nickel Coatings 


By K. T. ZIEHLKE, 


W. S. DRITT 


and C. H. MAHONEY* 


Electroless nickel coatings containing 7 to 10.5% phosphorus can be 

heat treated to obtain various hardness and ductility combinations. 

The maximum hardness (1000 dph.) is independent of phosphorus 

content and occurs during the formation of an interim lattice from 

the amorphous structure of the as-deposited plate. (Q29, Q23p, 2-64, L28; Ni) 


a chemically de- 
posited alloy of nickel and phosphorus, has 
corrosion resistance in most environments 
equivalent to that of wrought nickel. The 


*Technical Div., Oak Ridge Gaseous Diffusion 
Plant, Union Carbide Nuclear Co., Oak Ridge, 
Tenn. This document is based on work performed 
at the Oak Ridge Gaseous Diffusion Plant oper- 
ated by Union Carbide Corp. for the U.S. Atomic 
Energy Commission. 


As Plated 


plating, which is amorphous in the as-deposited 
condition, is nonporous even in very thin layers. 
It will cover intricate surfaces uniformly. The 
as-deposited plate consists of laminations paral- 
lel to the basis metal (Fig. 1, left). Hardness 
is 500 to 600 dph. (Rockwell C-50 to 55). 
Although it is known that the nickel-phos- 
phorus coatings are heat treatable to high hard- 
ness, no work has been reported which relates 
various heat treatment cycles with hardness. 


1110° F. 
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Fig. 2 — Effect of Heat 


Treatment on the ~ 1100 
Hardness of Electroless 1000 
Nickel Plate (8.5% 


Phosphorus). Heat treat- = 

ment was carried out in 2 3 800 
air in a_thermostati- 
cally controlled furnace 


Fig. 3 — Short-Time 


Heat Treatment Response g 1100 
of Electroless Nickel 

Plate (8.7% Phosphorus). 900 
Heat treatment was car- = 


ried out in a salt bath 24 


At the Oak Ridge Gaseous Diffusion Plant, the 
response of electroless coatings to heat treat- 
ment has been studied over a wide range of 
times and temperatures. Combinations of hard- 
ness and ductility best suited to a specific job 
are readily obtained by proper selection of the 
heat treatment cycle. The effect of phosphorus 
also has been evaluated over the range en- 


1380° F. 


Fig. 1—Effect of Heat 
Treatment on the Struc- 
ture of Electroless Nickel 
Plate (8.5% Phosphorus). 
Laminations in the as- 
plated structure are elimi- 
nated and agglomeration 
occurs as temperature is 
increased. Time at tem- 
perature, 1 hr.; etchant, 
sodium cyanide - ammo- 
pa nium persulphate. 500 x 
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F. 
570° F. 

| 930° F. ss] 
| | 480° F. 4 


80 
Time in Furnace, Min. 


100 
Time in Salt Bath, Sec. 


countered in commercial electroless nickel 
deposits. 

Samples included in the survey were plated 
on mild steel and S.A.E. 52100 steel. They 
were cut from larger disks to give a plated area 
of about % sq.in. Phosphorus contents were 
at first determined by wet chemical analysis. 
Techniques developed later permitted direct 
spectrographic determination of phosphorus. 


Changes in Microstructure 


No changes in microstructure were seen in 
samples heat treated below 750° F., although 
hardness increased from the as-deposited level 
to a peak of about 1000 dph. Above 750° F., 
precipitation and agglomeration can be de- 
tected. Agglomeration becomes pronounced 
with increasing temperature and time of heat 
treatment. It is more rapid in coatings with low 
phosphorus. 

Photomicrographs in Fig. 1 show the change 
in structure which occurs when coatings con- 
taining 8.5% phosphorus are heated at various 
temperatures for 1 hr. The laminated struc- 
ture of the as-deposited plate is still prominent 
after heat treating at 750° F. to obtain maximum 
hardness. At 930°F., laminations are much 
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600 
a 400 
j 170 
| | | 
bic X \ 930° F. 
5 700 60 
500 50 7 
300 30 


Fig. 4 — Microstructure of a Cast Nickel pe (9% 
Phosphorus). Dendritic phase (a nickel) has a 
hardness of 190 dph. and continuous phase 
(Ni,P), 760 dph. with a 25-g. indenting load. Etch- 
ant, sodium cyanide-ammonium peroxide; 500 x 


less prominent and a precipitate has appeared. 
The precipitate has started to agglomerate at 
1110° F. and hardness has dropped to 725 dph. 
Clearly resolvable particles are present in the 
microstructure after heat treatment at 1380° F. 

A summary of the heat treatment response 
of a coating containing 8.5% phosphorus is 
given in Fig. 2, covering times from 3 min. to 
2 hr. in air in a thermostatically controlled 
furnace. The very short time response of a 
series of samples containing 8.7% phosphorus 
was studied by heat treatment in a salt bath. 
These data are summarized in Fig. 3. 


Hardening Mechanism 


Electroless nickel is amorphous in the as- 
plated condition. Such a deposit might be 
expected to be structurally unstable, and re- 
sponsive to heat treatment, even at low tem- 
peratures. The approach to peak hardness in 
the first stage of heat treatment can be attrib- 
uted to the establishment of an interim crystal 
lattice in the initially amorphous deposit. Only 
a small amount of atom movement is required 
to form this lattice from the amorphous struc- 
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ture since no diffusion is required. At high 
temperature the transformation is rapid. The 
transformation is exothermic, indicating the 
establishment of an ordered structure. 

High hardness of the newly established lattice 
arrangement is probably due to distortion 
caused by the nonequilibrium locations of the 
atoms of nickel and phosphorus. As heat treat- 
ment continues, atoms diffuse to more stable 
locations and hardness drops. The sample heat 
treated at 1380°F. (Fig. 1) is approaching 
equilibrium; its structure is comparable to that 
of slow cooled cast alloy (Fig. 4) containing 9% 
phosphorus. This discontinuous phase is a 
solid solution of phosphorus in nickel in the 
range of phosphorus contents under study. In 
both the cast and plated samples it is harder 
than pure nickel (about 200 dph. vs. 75 dph.). 
The matrix, NisP, is hard (800 dph.) and brittle, 
a characteristic of intermetallic compounds. 

The diffuse halo pattern that has been ob- 
served in X-ray reflection studies of the amor- 
phous deposit gradually sharpens with low- 
temperature heat treatment as the interim 
lattice is formed. Nickel lines can be posi- 
tively identified in the halo background after 
15 min. at 570° F. The X-ray identification of 
Ni,P in this structure is more difficult, because 


Fig. 5 — Influence of Phosphorus on Ductility. 
All samples are in the hardness range 760 to 
835 dph. (Rockwell C-63.0 to C-65.4). Ductility 
is measured by the load on the indenter which 
causes cracking around the hardness indentation 


4 3600 G. 
2400) ' 
6 
1600! 
2 800 
0 
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of a large number of other lines (probably 
higher phosphides). Lines identified as Ni;P 
intensify in samples heat treated at 750° F., 
and the interfering lines become fewer and 
weaker in intensity with advancing heat treat- 
ment. Above 750°F. the halo pattern dis- 
appears rapidly. Evidence of grain growth in 
both nickel and Ni;P can be seen in samples 
heat treated for an hour at 1110° F. 


Effect of Phosphorus 


Phosphorus does not seem to play an im- 
portant part in the early response of electroless 
nickel to heat treatment. For example, when 
samples with three different phosphorus con- 
tents (7.2, 8.7, 10.3%) are heated at 1110° F., 
all of them reach the same hardness peak (1000 
dph.). After the peak has been reached, phos- 
phorus has a pronounced effect. Thus, a 2-hr. 
treatment at 1110° F. reduced the hardness of 
a sample containing 10.3% phosphorus from 
1000 to 790 dph. In the same time the plate 
with 7.2% phosphorus softened to 580 dph. 

Softening that occurs with prolonged heat 
treatment depends on co-precipitation and 
agglomeration of nickel and nickel phosphide 
from the pseudostable interim lattice. The 
hardness of the coatings after prolonged heat 
treatment appears to be a function of the 
amount of hard Ni;P present. 

One of the drawbacks of electroless nickel 
coatings is the weakness inherent in the lami- 

nated structure. That the laminations can be 

eliminated by heat treatment and that they 
are more readily eliminated in coatings of lower 
phosphorus content because of more rapid 
agglomeration of the constituent phases are 
pertinent advantages of heat treatment. 


Ductility 


Early in the test program, it was difficult to 
obtain crack-free hardness indentations in the 
hard coatings. It was found that the indenting 
load required to crack the coatings is related 
to the hardness and phosphorus content. This 
correlation suggested that the load required to 
cause cracking could be taken as a measure of 
the ductility of the samples. For example, 
Fig. 5 shows the ductility as measured by the 
minimum indenter load which would cause 
cracking, plotted against phosphorus content. 
This figure shows that, at a given hardness 
level, ductility decreases as the phosphorus con- 
tent increases. The degree of cracking under 
constant indenting load also changes with 
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7.2% P 


9.5% P 10.3% P 


Fig. 6— Comparative Ductility of Electroless 
Nickel Coatings of Various Phosphorus Content. 
Samples were indented with a Vickers diamond 
under a 700-g. load. The degree of cracking 
around the indenter is a relative measure of duc- 
tility. Hardness of the coatings is in the range 
735 to 810 dph. (Rockwell C-62 to C-64). 500 x 


phosphorus content. This change is illustrated 
in the series of photomicrographs in Fig. 6. 
Cracking is most severe in the sample contain- 
ing the most phosphorus (10.3%). Thus, at 
equivalent hardness levels, nickel coatings of 
low phosphorus are more resistant to chipping 
and shattering than those of high phosphorus 
content. 

Work is continuing on coatings with phos- 
phorus contents below 7%, with a view toward 
obtaining high hardness without sacrificing duc- 
tility. Studies are also being conducted to 
determine the effects of variations in phosphorus 
content and heat treatment on the corrosion 
resistance of the coatings. S$ 


87 


> 
8.5% P 
— 
5 
> wet 
i 


Staff Report 


Cleaning Missile Tanks 
by Vapor Degreasing 


Developed for cleaning the interior of liquid oxygen tanks for missiles, 
closed-system vapor degreasing is now catching on in the 


trucking industry. Tank truck operators find the new method does the job 
of removing asphalt, mineral, vegetable and animal oils, fats, most resins 
and plasticizers from tank walls much more quickly and economically 


than the old batch method. (L12)) 


Ecrveers at Douglas Aircraft and De- 
trex Chemical Industries, Detroit, have come 
up with a unique method for cleaning the 
interiors of liquid oxygen tanks for one of 
our large missiles by vapor degreasing with 
trichlorethylene. Cleanliness is important here 
because the presence of organic material in 
oxygen tanks could lead to explosions or foul- 
ing of critical missile valves. 

Cleaning is carried out at Douglas’ Santa 
Monica plant in tall towers in which the tanks 
can stand vertically (Fig. 1). Tanks are moved 
on dollies from the production line to one of 
the towers. There the dolly is hinged to the 
base of the tower and raised to put the tank 
in a vertical position inside the tower. The 
dolly is then disengaged and lowered. 

Hydrostatic and calibration tests are con- 
ducted with filtered water containing sodium 
dichromate. After these tests, the tank is 
drained, rinsed, and purged with clean, heated 
air until dry. 

Source of the cleaning vapors is a vapor 


*Prepared from material supplied by Detrex 
Chemical Industries, Inc., Detroit, and Douglas 
Aircraft Co., Inc., Santa Monica, Calif. 
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generator — specifically designed for this job — 
located outside the towers. The missile tank 
and generator form a closed system. Trichlor- 
ethylene is heated in a vapor generator to about 
180 to 190° F. and the vapors are piped into 
the bottom of the missile tank which fills in 
about 1 hr. Cleaning continues from this point 
for another 30 min. as the vapors condense on 
the intericr walls of the tank. Droplets pick 
up impurities when they collect and drain to 
a flanged extension at the bottom of the tank. 
The liquid trichlorethylene is returned to the 
vapor generator and distilled for reuse. Losses 
are small. When the cleaning operation is com- 
pleted and all the liquid has been removed, 
the tank is again purged for 30 min. with warm 
air until dry and odor-free. All openings are 
then sealed, the tank is lowered in its dolly, 
and returned to the production line. 


Process Applied to Truck Tanks 


This general technique for cleaning large mis- 
sile tanks is now being adopted by the trucking 
industry for cleaning truck tanks. Trichlor- 
ethylene has been employed for some time in 
vapor degreasing interiors of tanks which have 
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carried asphalt, mineral, vegetable and animal 
oils, and fats. However, the process has been 
comparatively uneconomical. In the past, all 
of the contaminated trichlorethylene was dis- 
carded (about 40 gal. per 5000 to 7000-gal. tank). 
The solvent was heated in batches in a separate 
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Fig. 1—Tall Towers House Missile Tanks 
During Hydraulic Tests and Vapor Degreas- 
ing at Douglas Aircraft’s Santa Monica Plant 


tank and the vapors were carried to the truck 
tank in a flexible metal hose. Cleaning required 
at least 2 hr. 
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Fig. 2— Missile Tank, Wheeled From Produc- 
tion Line, Is Positioned in One of the Towers 
(Right) While Still Cradled in Its Dolly. Dolly 
is then disengaged from the tank and lowered 


With the use of the vapor generator, how- 
ever, the entire cleaning system is continuous. 
Just as with missile tanks, the trichlorethylene 
is vaporized in the generator, condensed on the 
walls of the tank, and is returned as a liquid 
to the generator boiler (Fig. 3). The contami- 
nated solvent can be purified by distillation in 
the generator. Cleaning time is only 15 to 20 
min. for a 5000-gal. insulated tank. When the 
cleaning has been completed, the tank contains 
about 170 Ib. of vaporized trichlorethylene. 
Most of this is reclaimed in a recovery system. 
Tanks which are used to haul edibles or those 
which are being prepared for welding should be 
ventilated. 
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Oome Adapter and 
Vapor Fill Spout 


Vent Line 


Water Cooled 
Condenser 


Vapor 
Inlet 


Vapor Supply 


Steam Inlet 


Liquid Return 


‘ 


Drain” Solvent Pump 


Fig. 3— Diagram of a Vapor Generator Setup 
for Cleaning the Interior of a Truck Tank. This 
is the same technique, on a smaller scale, which 
is used to clean fiquid oxygen tanks for mis- 
siles (Fig. 1 and 2). Cleaning vapors enter 
tank from generator and condense on the walls. 
Contaminated liquid is pumped out the bottom 
and returned to the vapor generator for reuse 
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feel That A ge Hardens 


By W. S. MOUNCE 
and A. J. MILLER* 


This steel contains 5% Ni and 2% Al. 
It can be nitrided and hardened 

at the same time by an aging treatment 
(temperature range, 950 to 1100° F.) 
in a nitriding atmosphere. 

The steel is expected to be useful 

for cams, gears, and shafts 

that need fatigue and wear resistance 
at elevated temperatures. 

(J27d, J28k; AY, Ni, Al) 


A aasic stupy of nickel and aluminum as 
age hardening agents for steel has resulted in a 
new alloy which hardens to a minimum tensile 
strength above 200,000 psi. when aged at tem- 
peratures between 950 and 1050°F. Nitriding 
at these same temperatures also produces a case 
equivalent to one formed on standard Nitralloy 
steels. As a result, when used in the nitrided 
condition, the steel (which contains 5% Ni and 
2% Al) provides exceptional fatigue and wear 
resistance both at atmospheric and at elevated 
temperatures. 
There are other advantages. Since aging 
*Mr. Mounce is in applications engineering and 
Mr. Miller in the research laboratory, development 
and research division, International Nickel Co., Inc., 
New York. The authors wish to acknowledge the 
contributions made to this development by F. B. 


Foley, C. C. Clark, O. O. Miller, D. L. Pasquine 
and others of the Inco Research Laboratory. 
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Fig. 1—Age Harden- 
ing Behavior of 5% Ni, 


1000° F. 2% Al Steel. Note that 


950° F. 


Hardness, Rockwell C 
w 


6 10 


8 
Aging Time, Hr. 


(rather than quenching) develops these excel- 
lent properties, distortion can be lessened in large 
or complex parts. How is this possible? By 
machining in the solution treated condition 
(hardness Rockwell C-28 to 35), then aging to 
Rockwell C-44 to 48 by a relatively low-tem- 
perature treatment. Rapid heating or cooling 
(or both), which often result in distortion, are not 
involved in this final hardening. 

Steels containing nickel and aluminum that 
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Aging Times and Temperatures 


1100 


full hardening can be 
achieved within a 100° 
range. Above 1050° F., 
the hardness falls off 


age harden between 950 and 1050° F. have been 
in commercial use for many years. An elabora- 
tion of previous work has now revealed that the 
final hardness after aging is the result of two 
effects. A base hardness is first established by 
the solution treatment, then a further hardness 
increment is added by aging. This aging incre- 
ment depends directly upon the nickel-aluminum 
relationship. It appears that aging in ferritic 
steels is a result of an ordering reaction in 


30 


20 


Elongation and Reduction in Area, % 


Fig. 2— Effect of Aging at Different 

Times and Temperatures. Aging at 

Hours higher temperatures increases ductil- 
oF, ity and toughness. However, strength 
begins to drop when overaging begins 
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Fig. 3 — Hardness Distribu- 
tion in End Quenched Bar 
After Quenching, Temper- 
ing at 1275° F., and 
Aging 8 Hr. at 1050° F. 


Hardness, Rockwell C 
w 


which nickel and aluminum are operating in a 
stoichiometric relationship. In this investiga- 
tion, the optimum properties after aging were 
achieved with a total nickel-plus-aluminum con- 
tent of 7% by weight. The most effective 
combination was 5% Ni and 2% Al. Other com- 
binations are usable within limits. Aluminum 
is the controlling factor. 


Response to Aging 


The structure to be aged should be fully 
quenched and tempered as a prior treatment. 
If this is not done, ductility and toughness are 
likely to suffer, though final hardness may not be 
affected. Tempering, which also constitutes a 


solution treatment, should be done as close as is 
practical to the Ac; critical temperature; this pro- 
vides the lowest solution treated hardness, best 
machinability, and best response to aging. Some 
aging may occur if the material 
cools too slowly from the tem- 
pering or solution treating tem- 
perature. To obtain the best 


Tempered 


12 18 24 30 


Distance From Quenched-End, Sixteenths In. 


Figure 1 shows how the steel responds to aging 
within the 950 to 1100° F. range. It is evident 
that this steel has a wider range of aging temper- 
atures and resists “overaging” to higher temper- 
atures than do lower nickel-aluminum steels. 
These characteristics are commercially impor- 
tant. They mean that the steel develops maxi- 
mum core properties when nitrided with Floe 
cycles that may go as high as 1050° F. 

The “overaging” shown at 1100° F. and above 
is believed to be a re-solution effect. A hardness 
that is characteristic of the aging temperature is 
established in a rather short time. Once stabil- 
ized, however, the hardness does not decrease 
further with time. During creep tests, a speci- 
men aged to Rockwell C-44 at 1050° F. showed 
no change of hardness after being exposed at 
900° F. for 10,000 hr. 

The tensile and impact properties obtained 


Table I—Nitriding Cycles for 5% Ni, 2% Al Steel 


machinability and final proper- 
ties, sections 2 in. round and 
smaller can be air cooled, but _ 


TREATMENT 


larger masses may require liquid 
quenching. 


Composition and 
Heat Treatment 


This steel contains 0.20 to 0.25 
C, 0.25 to 0.45 Mn, 4.75 to 5.25 
Ni, 0.40 to 0.60 Cr, 0.20 to 0.30% 
Mo, 1.80 to 2.20 Al, and 0.08 to 
0.15 V. To reach its full strength 
and toughness, it is normalized 
at 1700° F., oil quenched from 
1650° F., solution treated at 
1275° F., and aged at 1050°F., 
for not less than 5 hr. 
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Floe process, 
975° F., 6 hr.; 1025° F., 30 hr. 0.015 in. | 15 N-93 C45 
Chapman Ni-20* 
1020° F., 20 hr. | 0.012 15 N-93 
Nitro Cycle pressure nitriding tf 
7.5 g. per sq.ft. 
1000° F., 15 hr. 0.010 15 N-93.3t¢ 
53 g. per sq.ft. NH,, 
1000° F., 21 hr. 0.015 15 N-93.3t 
. Gas nitrided, 975 to 1000° F. 


| Case | Rockweit Harpness 


CASE Core 


0.012 15 N-92.5 
0.015 15 N-93.2 


(0.0002 white layer) | 0.020 15 N-91.4 


*Licensed by Chapman Valve Co. 
tPatented process, Oil Well Supply Div., U.S. Steel Corp. 
{By conversion from diamond pyramid hardness. 


End Quenched 
Aged 
° 
B 
5t 
24 hr. C-49.5 
48 | C-49.2 
48 
| 
93 


Rockwell C-44 


Hardness, Rockwell 15 N 


0.005 0.010 0.015 0.020 0.025 0.030 
Depth Below Surface, In. 


Fig. 4— Hardness Curve of a Nitrided 
Case. Composition: 4.97 Ni, 2.03 Al, 0.21 
C, 0.31 Mn, 0.49 Cr, 0.26 Mo, 0.095 V 


with various aging treatments are shown in Fig. 
2. Ductility and toughness are increased by 
overaging, but at a sacrifice in strength. Hard- 
enability tests also indicate that very uniform 
hardness should be obtainable over a wide range 
of section sizes. Aging is practically as effective 
in the air cooled end of the bars as it is in the 
thoroughly quenched prior structures. This is 
shown in Fig. 3. A hardness survey throughout 
the cross section of a 10-in. cube revealed only 
nine points variation in Brinell hardness from 
surface to center after final aging. 


Nitriding Characteristics 


The steel develops excellent nitrided cases. 
Figure 4 shows the case hardness gradient of a 
sample nitrided 26 hr. by a Floe cycle in which 
the second stage was at 1025°F. The surface 
hardness was Rockwell 15 N-93, case depth 0.018 
in. and core hardness, Rockwell C-44. Table I 
lists the results of several other nitriding cycles. 
(It is evident that all cycles are within the tem- 
perature range of aging.) 


Elevated-Temperature Properties 


The resistance to tempering demonstrated by 
both the core and nitrided case has made this 
steel particularly attractive for cams, gears, shafts 
and bearings that require fatigue and wear re- 
sistance up to 1000°F. As an example of the 
high-temperature properties, the case hardness 
will drop from Rockwell 15 N-92 (at room tem- 
perature) to Rockwell 15 N-80.2 at 1000° F. and 
Rockwell 15 N-71.5 at 1200° F. Meanwhile, the 
core drops from Rockwell C-46 to Rockwell C-25 
at 1000° F. The short-time tensile properties of 
the aged steel (without nitriding) at tempera- 
tures up to 1100° F. are shown in Fig. 5. 

Various types of fatigue and wear tests at ele- 
vated temperatures have shown that this steel 
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has excellent properties. Results of a special 
gear fatigue test of several materials at 600° F. 
are as follows (taken from “Investigation of Fac- 
tors Affecting High-Temperature Gear Opera- 
tion”, by E. E. Shipley, American Society of 
Lubrication Engineers, 1958): 


Nitrided 5% Ni, 2% Al steel 
Nitrided LPD (fully hardened core) 
Induction hardened M-2 
Induction hardened and nitrided M-2 
Nitrided Nitralloy N 
Nitrided Nitralloy (heavy case) 
Through-hardened and 

finis ound M-2 
Through-hardened M-2 

(some decarburization) . 


54,000 psi. 
53,000 
44,000 
44,000 
43,000 
40,000 


30,000 
23,000 


In conclusion, the results of early trials in the 
field indicate that this new steel, which can be 
age hardened and nitrided at the same time, will 
be very useful in the future. Its improved 
strength, fatigue and wear resistance are certain 
to be of value for mechanical parts used at both 
room and elevated temperatures. +) 


Fig. 5 — Short-Time Elevated-Temperature Me- 
chanical Properties. This material was normal- 
ized at 1750° F., quenched from 1650°, solution 
treated at 1275°, and aged at 1050° F. for 4 hr. 


Tensile Strength 


Yield Strength 


Strength, 1000 Ps 


oun 
o 


Reduction in Area 


Elongation and Reduction in Area, % 


1000 | 1100 
1050 


5 
meet 700 800 900 
Test Temperature, °F. 


METAL PROGRESS 


95 
Ay 
| 
} 
. 200 
~ 
Elongation 
‘ 
: 


High-Temperature 
Brazing Experiments 


By R. R. RUPPENDER* 


Statistical analysis is suggested as a means of resolving discrepancies 
in results of similar fusion welding experiments. Details of a 
typical experiment illustrate the possibilities. (K8, $12) 


Since ITS INTRODUCTION, brazing has been 
more an art than a science. Why is this so? 
One trouble has been that investigators have not 
recognized one of the most important compo- 
nents of their measurements — experimental 
error. 

About once each year an article or paper 
hopefully suggests the statistical approach to 
investigations, but the idea does not appear to 
have taken hold. Nevertheless, whenever meas- 
urements are made, they obey laws of uncer- 
tainty and variation. We who develop our 
professional stature by making engineering de- 
cisions in the face of chance would do well to 
take a long, hard look at the statistical approach. 

A common misconception is that averaging 
several experimental readings automatically 
yields a good, usable value. This is only partly 
true. If data have been properly gathered, the 
average is, of course, the best estimate of some 
true value. But, if widely separated values are 
averaged, the best estimate may be none too 
good. No one will deny this; yet without the 
tools of statistical analysis, we are powerless to 
do anything scientific about it. Statistical 
analysis can not only handle experimental un- 
certainty, but it can actually be used to unravel 
complex situations involving many variables. 

Here's a typical situation. Problem: Com- 
pare the strengths of joints obtained when 
brazed with filler alloys “A” and “B”. Current 
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planning might go something like this: “Bitter 
experience tells me that many variables affect 
the strength, so many I can only hope to hold 
them all constant — except those of interest, of 
course. Around our shop we shoot for ‘zero’ 
clearance so I'll continue to do that. Tests are 
expensive, too, so I'll vary only the filler alloy. 
I'll test three specimens brazed with each of the 
two filler alloys. By merely holding all other 
variables as close as I can, I'll practically elim- 
inate any effects they may have. Anyway, if 
they do have any effects, that’s okay too. I’m 
‘simulating’ production conditions so my _ re- 
sults will be that much more realistic and con- 
sequently useful.” 
This thinking yields the following results: 


B 
42,950 psi. 
44,100 
45,650 


FILLer A 
42,950 psi. 
23,050 
36,000 


Average 33,333 


44,233 


Anyone inspecting these data is likely to con- 
clude that filler A joints are 75% as strong as 
filler B joints. (Of course, the spread of A 
values, expressed as standard deviation, is 
+ 9240 psi. while that of B is 1350 psi., but who 
cares about that?) 

*Manufacturing Engineer, Flight Propulsion 
gn Dept., General Electric Co., Cincinnati, 
Ohio. 
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A B A B 
Experiment 1 Experiment 2 


At this point the investigator should ask him- 
self: “If the average values are not perfectly 
reliable, then how reliable are they? Of what 
practical use are they? What makes one value 
more reliable than another? What do my 
averages represent, anyway?” After a peek 
into a book on statistics, he can answer: “They 
are estimates of the values which would have 
been obtained by averaging an infinitely large 
number of test results obtained under the same 
conditions, and nothing more!” Being sus- 
picious now, he repeats the experiment — and 
obtains these results. 


FILLerR A B 
23,200 psi. 42,950 psi. 
33,000 46,000 
37,000 47,050 
Average 31,067 45,333 


Now A joints are only 69% as strong as B 
joints. (Incidentally, standard deviations are 
7100 psi. for A and 2130 psi. for B, but nobody 
is particularly concerned. ) 

Differences become apparent with the second 
group of tests. If he ran the experiment a third 
time, he could expect another set of averages. 

Why the discrepancies? They arose from the 
combined effects of the things he thought were 
held constant but which weren't. Since he has 
not accounted for the components of variation, 
he cannot conclude that the calculated averages 
approximate the strengths of joints made with 
fillers A and B. 

In this example, the second set of tests was 
run only to show that it yielded another pair of 
estimates. Actually, analysis of the first set 
would give the information needed. Knowing 
the precision desired, a very good estimate of 
the additional tests needed could be obtained. 
Let’s see what can be done with the original 
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A 


Fig. 1 — Bar Graph of Com- 
bined Tests. Diamonds indi- 
cate 95% confidence limits 


B 
Combined 


set of six tests. First, we obtain a measure of 
scatter (standard deviation) for the two filler 
alloys. The difference between the average 
strengths is then compared with the amount of 
scatter. A simple statistical calculation known 
as the “t” test reveals that this difference could 
easily have occurred by chance alone. Hence 
the conclusion that A joints were 75% as strong 
as B joints is not justified. Similar inconclusive 
results are obtained by applying the test to the 
second group. In other words, scatter is too 
great to justify such a fine distinction. 

However, the experiment was repeated, and 
the data can now be combined: 


FILLer A B 
40,950 psi. 42,950 psi. 
23,050 44,100 
36,000 45,650 
23,200 42,950 
33,000 46,000 
87,000 47,050 
Average 32,200 44,833 
Standard Deviation 
7,480 1,710 


Since our estimates are much better, not only 
can we determine that a difference exists but 
we can also estimate the difference. 
Examination of these values leads us to 
suspect that the scatter in A values might be 
significantly greater than in B values. So we try 
another simple test, and find that there is less 
than one chance in 20 that such a large dif- 
ference in scatter could have occurred by 
chance alone. In other words, there appear to 
be some inherent differences in the filler alloys. 


Conclusions 


1. Filler B joints are stronger than filler A 
joints by an average amount somewhere be- 
tween 5660 and 19,610 psi. 
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2. Filler A joints have average strength be- 
tween 24,350 and 40,050 psi. 

5. Filler B joints have average strength be- 
tween 43,040 and 46,600 psi. 

Subsequent metallographic examination re- 
vealed that alloy B dissolved and diffused so 
rapidly that none of the joints tested contained 
any weak intermediate phases. Conversely, 
solution and diffusion rates in alloy A joints 
were marginal; intermediate phases caused 
weakening. 

The statistical approach, therefore, has not 
only helped us draw more meaningful conclu- 
sions, but has also revealed an important 
property of one of the filler alloys. We can now 
construct a bar graph (Fig. 1) which will reflect 
the degree of uncertainty in the data. 

Narrow scatter bands in the data are essential 
to sensitive experiments. If we expect to “find” 
small differences between groups, then the 
points within groups must agree very closely. 
Statistical analysis makes this concept real and 
quantitative. We could test with much better 
equipment and instruments, but then there is 
the danger of obtaining artificial results which 
may be worse than none at all. 

We said earlier that our alleged constants 
were the sources of the scatter. It now appears 
that many of these so-called constants are in 
reality variables. These suspected variables 
can often be varied intentionally. Furthermore, 
by random testing procedures, all the “con- 
stants” can be thrown into a pot and thoroughly 
mixed while the suspected variables are meas- 
ured and accounted for. This is termed “analy- 
sis of variance”. The more “constants” we build 
into the experiment as controlled variables, the 
more variance we can account for, and the end 
result is more meaningful. 

Returning to our relatively small problem, it 
is apparent that we can devise a more efficient 
experiment, one yielding functional relation- 
ships for any combination of independent vari- 
ables in terms of strength. Estimates of ex- 
perimental certainty would also be obtained. 
Finally, an extremely important phenomenon 
(and one seldom found by traditional methods ) 
— interaction among variables — would be re- 
vealed and measured. 

To realize the highest efficiency we would 
have to buy the large economy package. That 
is, the most efficient approach would give us 
answers to more questions than we've asked. 
Assuming we're willing, we proceed — and 
group our variables like this: 


FEBRUARY 1960 


. Dependent Variables 


1. Strength 
B. Independent Variables 
1. Controlled 
a. Time 
b. Temperature 
c. Heating rate 
d. Clearance 
2. Fixed 
a. Filler alloy specification 
b. Base alloy specification 
c. Operator 
d, Equipment 
3. Random 
a. Ambient temperature 
b. Ambient humidity 
c. Order of testing 
d. Variations of chemical analysis 
e. Several dozen others 


Fitting these into the experimental design, we 
find that less than 50 tests could yield (a) ex- 
perimental error, (b) effects of any one or 
combination of independent variables, and (c) 
scientific measures of confidence in our results. 

Of course the statistician has many, many 
more tricks up his sleeve. Though they may 
seem somewhat baffling to the neophyte, they 
were designed primarily to serve us. It is char- 
acteristic of people who have gained some 
“feel” for the statistical approach that they are 
elated over the tremendous possibilities and 
impatient with traditional experiments which 
by comparison seem futile. Actually, efficiency 
is the least of the advantages to be gained. 
Confidence and the ability to make important 
decisions in the face of ever-present uncer- 
tainty are the real advantages. 

It was mentioned earlier that test results 
sometimes don’t agree with our engineering 
judgment. There is nothing wrong with using 
our engineering judgment to make decisions so 
long as we remember that they are judgment 
decisions. However, we test when we doubt 
our engineering judgment. If we test, we must 
then be consistent and let the results dictate 
our decision. If engineering judgment and test 
results conflict, more testing is indicated. We 
shouldn't stop testing at this point and revert to 
our original judgment. 

The principles suggested here are neither 
novel nor dramatic enough to warrant the term 
“technological breakthrough”. The long-range 
results, however, could have a significant impact 
in the field of fusion brazing. 
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A Modified Phase Diagram 
for Stainless Steel Weld Metals 


By W. T. DeLONG* 


A revised diagram for predicting the amount of ferrite in 

stainless steel welds is proposed. It accounts for the austenitizing effect 
of nitrogen in the welding rod. Predictions are closer 

to true ferrite content than was possible with the original 


Schaeffler diagram. (N8, K9; SS) 


The scuaerr.er constitution diagram for 


stainless steel weld metals (see Data Sheet, 
p- 100-B) + has been used widely for many years 
to estimate the ferrite content of weld metal. 
However, frequent discrepancies have been ob- 
served between values calculated from the 
Schaeffler diagram and those obtained from the 
same samples by Magne-Gage readings. 

An extensive investigation was undertaken to 
determine the cause of these variations. A 
study of more than 600 undiluted weld samples 
of seven grades of stainless steel suggests sev- 
eral changes in the accepted constitution dia- 
gram for stainless steel weld metal. The 
proposed diagram differs from Schaeffer's in 
the following ways: 

1. Addition of a nitrogen equivalent, which 
allows for the presence of the gas in all com- 
mercial stainless steels, changes the location of 
all ferrite lines. 

2. The slope of the constant ferrite lines is 
increased to correct the discrepancies found be- 
tween the calculated and measured ferrite in 
such stainless steels as Types 316 and 309. 


*Chief Metallurgist, McKay Co., Pittsburgh. 


tFirst published in Metal Progress, November 
1949, p. 680-B. 


98 


3. Spacing between constant ferrite lines is 
now relatively uniform. On the Schaeffler dia- 
gram the spacing varies; it is noticeably greater 
at the 10% ferrite area than in the 0 to 5% 
or the 15 to 20% area. (The data now available 
do not allow the extension of the new diagram 
to higher percentages of ferrite, but it is obvi- 
ous that the spacing between ferrite lines must 
decrease as the ferrite level increases.) 


Test Procedures 


The ferrite level of each test deposit was first 
calculated from its chemistry using the Schaef- 
ler diagram, and then the Magne-Gage. Pads 
for Magne-Gage tests were built up on Type 
304 stainless plate 3% 2% in., using 
stringer beads one on top of the other. A 
minimum of nine layers was applied. Cooling 
on all passes except the last was by water 
quenching from a dull red heat. The last pass 
was air cooled. Magne-Gage readings were 
taken on the top surface without any further 
finishing, avoiding the start end, because it is 
sometimes high in ferrite, and the crater, be- 
cause it is low in ferrite. Readings made on 
pads which are two or three beads wide and 
prepared in the same manner give equal values. 
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Table I — Test Pad Data Based on Schaeffler Diagram 


and measured ferrite, far better in fact 


| Tora. | AVERAGE EQUIVALENT 
METAL 
Cr 


AVERAGE 
* 
Ni DIFFERENCE 


than the +4% claimed by Schaeffler. * 
This observation has been confirmed by 
others who have been using his diagram 


308 L 12.0 
347 | 20.7 12.2 —1.0 
308 | 20.4 12.5 —1.2 
308 Mo a: | 187 
316 21.9 | 15.9 +5.1 
316L | 219 | 45.1 +3.1 
309 24.6 | 17.2 +2.8 


—1.6% 


to calculate ferrite in Types 347 and 
308 L, and is a tribute to his excellent 
work in this field. 


The Nickel Equivalent for Nitrogen 


Nitrogen is a strong austenitizer. It 
is reported that 0.10% of the gas is 


Gage and calculated from Schaeffler diagram. 


Readings made on machined surfaces or on 
cross sections are not as dependable because 
ferrite orientation and concentration varies. 
(Other investigators have shown that the size, 
shape, and orientation of the magnetic phase 
can affect readings. Our use of the Magne- 
Gage depends on the elimination of these vari- 
ables by establishing constant and reproducible 
test locations and conditions.) We used the 
Magne-Gage by allowing the No. 3 magnet to 
contact the pad, and measuring the dial reading 
(torque) necessary to pull the magnet off the 
surface. A calibration curve correlating the 
amount of ferrite with the Magne-Gage reading 
was developed from both metallographic stud- 
ies of weld metal and the use of powdered 
metal compacts containing iron and copper. 

The average difference between the calcu- 
lated ferrite value and the measured value in 
the weld specimens is given in Table I. A posi- 
tive number indicates that the measured fer- 
rite level was higher than the ferrite level as 
calculated on the Schaeffler diagram. 

The data in Table I show that Types 316, 309, 
and related compositions, which have higher 
chromium and nickel equivalents than Types 
308 and 347, contain appreciably more ferrite 
than the Schaeffler diagram predicts. Obser- 
vations made during the investigation suggest 
that a factor for nitrogen should be added to 
the conventional diagram to correct this dis- 
crepancy. It was learned early in the study 
that the pads which contained appreciably less 
ferrite than expected were made from relatively 
high nitrogen heats. For this reason Types 308, 
347, and 308 L averaged 1.0 to 1.6% less ferrite 
than was calculated by the Schaeffler diagram. 
The remaining heats with normal nitrogen 
showed good agreement between calculated 
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* Difference between percent ferrite measured by Magne- 


equivalent in austenitizing power to 3 
to 4% nickel in highly alloyed chromium- 
nickel steels. To establish a nitrogen 
factor for the revised Schaeffler diagram, 
a study was made of 27 weld pads of Types 308, 
308 L and 347 in which the nitrogen content 
was high (over 0.115%). The amount of ferrite 
to be expected was predicted from the original 
Schaeffler diagram for each pad. Nitrogen con- 
tent of each was determined and the actual 
amount of ferrite present — always less than 
that predicted in these high-nitrogen alloys — 
was measured by the Magne-Gage. The differ- 
ence between the expected ferrite and the 
actual ferrite points out the austenitizing ability 
of nitrogen. 

The ferrite equivalent to a given amount of 
nitrogen can be obtained by dividing the dif- 
ference between the actual ferrite and expected 
ferrite by the percentage nitrogen in each pad 
in excess of that found in commercial stainless 
(0.055%). For 24 of the pads, this factor aver- 
aged 0.6% ferrite per 0.01% nitrogen. On the 
new diagram which will be described later, 
0.6% ferrite is equivalent to 0.3% nickel. There- 
fore the nickel equivalent of nitrogen was set 
at 30 times the percentage nitrogen.t 

Nitrogen analyses were run on a number of 
the other weld pads to supplement the data 
from the high-nitrogen heats. New nickel 
equivalents were calculated for each pad in 
which a nitrogen content was known and the 


“*As a matter of fact, heats with normal a 


will plot out almost identically on the Schae 
and DeLong diagrams. 

tEprror’s Note: The nitrogen factor of 30 can 
be supported by numerous literature references, 
Schaeffler in 1948 prepared a report (unpublished) 
on “Nitrogen as an Austenite-Forming Element” 
(Arcos research files, Experiment 598), which con- 
cludes: “A literature survey has been made to 
investigate the potency of nitrogen as an austenite- 
forming element. It is proposed that nitrogen has 
a potency factor of 30; that is, 0.10% nitrogen is 
able to replace about 3% nickel.” 
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(Titania Coating) 


-6 -4 


revised diagram was constructed. (See bottom 
of Data Sheet p. 100-B.) Special pads were 
made to bridge the gaps between Types 308, 
309 and 316. Two heats of 308 and 309 and 
one heat of 316 L were included. A series of 
coatings was extruded on core wires from 
these heats with additions to decrease the chro- 
mium and nickel in one set, and to increase the 
chromium and nickel in another. The revised 
diagram is limited to the chemical composition 
range of the weld metal types studied. The 
chromium equivalent is the same as for the 
Schaeffler diagram; the new nickel equiva- 
lent is now equal to % Ni plus 30 x % C plus 
30 x % N plus 0.5 x % Mn. 


Calculated and Measured Ferrite Comparison 


It was then possible to compare the spread 
between measured and calculated ferrite for 
the pads available, making this comparison first 
for the Schaeffler diagram, and then for the new 


Normal 
Distribution 
Curve 


Type 308 L 


| 


-2 0 +2 +4 -2 0 42 


Fig. 1 — Distribution Curves Show the 
Effectiveness of the Revised Diagram 
in Reducing the Percent Deviation of 
the Predicted Amount of Ferrite From 


diagram. Figure 1, which gives sample dis- 
tribution curves, shows how the new nickel 
equivalent has improved the ability of the dia- 
gram to predict accurately the amount of ferrite. 
Figure 1 also includes, for reference, a normal 
distribution curve incorporating deviations in 
measured ferrite that might be attributed to 
welding procedure and differences between the 
true and reported chemistry of the deposit. 
The distribution curves demonstrate two 
major points. First, the introduction of a nitro- 
gen factor in the nickel equivalent has effec- 
tively decreased the deviation of the ferrite 
predictions from the measured value in high- 
nitrogen, low-ferrite pads. When the distribu- 
tion curves are compared with the normal dis- 
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Type 309 
(Lime Coating) 


| 


tribution curve included in Fig. 1, the results 
are in reasonable agreement both in shape and 
spread of values. The spread in most instances 
does not exceed + 2% ferrite — a figure which 
could be predicted from the known variations 
in Magne-Gage readings and chemistry. Sec- 
ond, the discrepancies found between measured 
and calculated ferrite in the Schaeffler diagram 
at higher chromium and nickel equivalents, as 
in Types 316, 317 and 309, were corrected. 

There were a few pads in which measured 
ferrite exceeded the calculated value by more 
than 2%. In general, these were found to be 
high-nitrogen heats, where the nitrogen factor 
of 30 evidently overcompensates for the effect 
of the high nitrogen contents. 


Effect of Other Factors 


Electrode size and coating type were found 
to have little influence on the ferrite content 
of the deposit. We can, however, draw some 


Type 347 
(Titania Coating) 


42°44 46 


& lad 


That Which Is Actually Present, Shown 
Here as the Abscissa. Normal distribu- 
tion curve shows deviations attributed 
to welding and analytical techniques 


tentative conclusions on the minor effects of 
these variables. A rather unusual and unex- 
pected observation was that the titania-type 
coatings tend to give welds which average 
approximately 1% higher in ferrite for a given 
chemistry than the lime coatings. This is not 
a particular advantage or disadvantage because 
ferrite at a desirable level is obtainable with 
either coating by proper control of chemistry. 
Electrode size had less influence on ferrite than 
coatings. In general, a greater number of welds 
which contained less ferrite than predicted 
were made from small diameter electrodes than 
from the larger sizes. This trend was appreci- 
ably more pronounced in the lime coatings 
than in the titania coatings. ) 
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Things happen fast to a rocketing missile. High-nickel Mumetal shields help tape recorders get it all down accurately. 


How Nickel helps record messages from space 


When a missile rockets off into space, 
it detects all sorts of data — tempera- 
ture, radiation, meteoric dust — the 
many things we need to know in 
order to conquer space. 


Since radio transmission and.re- 
ception between missile and ground 
is not always reliable, some missiles 
carry an airborne secretary—a multi- 
channeled tape recorder. 


It records as many as thirty dif- 
ferent bands of data side by side on 
a 14-inch magnetic tape. 


Confusion of all the magnetic fields 
crammed inside the tiny head could 
cause messages to come out garbled. 


But there is a way to keep them 
straightened out—by using Mumetal* 
(77% Nickel). This alloy has the 


INCO NICKEL 


MAKES ALLOYS PERFORM BETTER LONGER 


NICKEL 
FEBRUARY 1960 


unusual ability of soaking up mag- 
netic fields like a sponge. Thin, flat 
shields of Mumetal siphon off troub- 
lesome interference. 


The manufacturer also covers the 
whole head with more Mumetal to 
bar stray magnetic fields on the out- 
side from getting inside. And then 
a protective Nickel-chrome plating 
goes on top of that. 


All in all, it’s quite a job Nickel 
does. And something to keep in mind 
the next time you’re faced with a 
problem in your product or process. 
If it has to do with high or low 
temperatures ... magnetism... cor- 
rosion ... fatigue or some other 
factor, write us. We’d be happy to 
show you how Nickel, or one of its 
alloys, may be able to help. 


Circle 514 on Page 48-A 


Tiny magnetic head of tape recorder has 
Mumetal shields to trap magnetic in- 
terference, help Davies Lab. Division 
of Minneapolis-Iloneywell pack muck 
in little space. Nickel-chrome plating or 
cover adds durability, corrosion resis- 


tance, and attractive appearance. 
#*Trademark, Allegheny Ludlum Steel Corporation 


The International Nickel Company, Inc. 
67 Wall Street New York 5, N.Y. 
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Constitution Diagram for Stainless Steel Weld Metal 
By ANTON L. SCHAEFFLER 


Originally published as 
a Metal Progress Data 
Sheet (November 1949, 
p. 680-B) and devel- 
oped by Mr. Schaeffler 
while he was employed 
by Arcos Corp., Philadel- 
phia. (Mr. Schaeffler is 
now with Allis-Chalmers 
Mfg. Co., Milwaukee.) 
The diagram predicts 
microstructures obtained 
in stainless steel weld 
deposits from electrodes 
of known composition. 
Schaeffler’s diagram 
makes a blanket allow- 
ance for nitrogen, which 
is known to vary with 
chromium according to 
steelmaking practice. The 
diagram incorporates 
nitrogen values of 0.05 

16 24 » for low-chromium alloys, 
Chromium Equivalent = % Cr + % Mo + 1.5 x % Si + O.5x % Cb © through 0.10 for the 


nN 


% Ni + 30x %C + 0.5 x %Mn 


Nickel Equivalent 


Revised Section of Schaeffler Constitution Diagram 
By W. T. DeLONG 


Per Cent Ferrite 


The addition of a factor 
for nitrogen in the nickel 
equivalent improves the 
accuracy of the diagram 
| in predicting the amount 
» of ferrite present in a 
we. stainless steel weld. At 
normal nitrogen levels 
Chromium Equivalent = % Cr + % Mo + 1.5% % Si + 0.5 x % Cb this diagram is almost 


identical with Schaeffler’s 


Nickel Equivalent = % Ni + 30x %C + 30x%N+O05x % Mn 
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Experience—the added alloy in Allegheny Stainless 


Easy-to-form metals 
with high strength up to 1000 F 


AM 350 and AM 355, precipitation hardening stainless 
steels by Allegheny Ludlum have many advantages for 
designers of missiles and supersonic aircraft in solving 
space age problems. 


Among their many desirable properties, AM 350 and 
AM 355 combine high hardness and strength and stabil- 
ity up to 1000 F and yet possess good ductility. They 
are easy to form in the annealed condition. 


They can be spun, drawn, formed, machined and brazed 
or welded using normal stainless steel procedures. 


ALLEGHENY 


EVERY FORM OF STAINLESS... 


Both steels have excellent corrosion resistance and good 
resistance to stress corrosion and oxidation at higher 
strength levels. 


AM 350 is available commercially in sheet, strip, foil, 
small bars and wire. AM 355, best suited for heavier 
sections, is available commercially in forgings, forging 
billets, plates, bars, wire, sheet and strip. 

For further information, see your A-L sales engineer or 
write for the new technical booklet, “AM 350 and AM 
355.”’ Allegheny Ludlum Steel Corporation, Oliver 
Building, Pittsburgh 22, Pa. 


EVERY HELP IN USING IT 


Circle 515 on Page 48-A 
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Bausch & Lomb 


METALLURGICAL 
EQUIPMENT 


Winner of 
more ASM awards, 
year after year, 
than all other 
makes 
combined! 


Industry’s most complete line of 
metallographs, spectrographs, microscopes, 
and high and low power cameras. Write for 
data, specifications, demonstration. 
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How Boron Affects Corrosion 
of Type 304 Stainless 


By J. W. FARRELL and P. C. ROSENTHAL* 


Although boron improves the corrosion resistance of 
wrought Type 304 stainless, the protection it gives 
is not outstanding by present standards. (R2h, 2-60; SS, B) 


Pasr rxvestications have found that small 
additions of boron reduce the susceptibility of 
cast Type 304 stainless steel to intergranular 
attack. Work reported here was undertaken to 
determine whether similar behavior could be 
expected in wrought Type 304. Although help- 
ful in reducing sensitization, boron did not pro- 
vide complete or satisfactory protection. All 
heats with boron added (up to 0.0063%) were 
attacked at a rate greater than 0.002 in. penetra- 
tion per month in boiling nitric acid (65%). As 
exposure time was increased, rate of attack 
was accelerated. 


Test Procedure 


Resistance to sensitization in the range from 
1000 to 1400° F. for four heats of wrought Type 
304 stainless steel containing different amounts 
of boron was evaluated (Table I). This was 
done by measuring the rate of intergranular 
attack in boiling 65% nitric acid (A.S.T.M. spec- 


ification A 262-44T). Seven specimens were 
tested from each heat. Six were sensitized 2 hr. 
at 1000, 1100, 1200, 1300, 1400 and 1500° F. 
after solution heat treating them for 134 hr. at 
1975° F. and water quenching. The seventh 
specimen was solution treated and quenched 
but not sensitized. Tests were conducted in 
boiling nitric acid for 48-hr. periods. 


Boron Improves Resistance to Attack 


All the heats exhibited intergranular corro- 
sion in the sensitized condition. The rate at 
which corrosion occurred varied substantially 
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with the boron content. The increase in cor- 
rosion rate as a function of exposure time in 
nitric acid is shown in Fig. 1. Only data from 
heats A and D are plotted. They represent 
the maximum and minimum amount of inter- 
granular attack measured for all heats. The 
others exhibited similar behavior with results 
lying between these two extremes. 


Mechanism 


Simcoe, Elsea and Manning (“Study of the 
Effect of Boron on the Decomposition of Aus- 
tenite”, Transactions, A.I.M.E., Vol. 7, January 
1955, p. 193), in their work on boron and its 
effect on the decomposition of austenite, state 
that boron increases hardenability by decreas- 
ing the nucleation rate of ferrite and bainite. 
They point out that the boron atom is an “out- 
law” in solid solution in iron; the size ratio of 
the boron atom to the iron atom, 0.75, is too 
large to permit it to be interstitial and too small 
for it to be substitutional. Further, they postu- 
late that the first boron atoms introduced enter 
sites near lattice imperfections where the atomic 
spacing is about 25% smaller than that of a 
perfect iron lattice, thereby lowering the energy 
peaks in these areas. Boron atoms occupy posi- 
tions at the grain boundaries (one of the most 


*Mr. Farrell is a metallurgical engineer in the 
Technical Department, Product Development Lab- 
oratory, Union Carbide Metals Co., Niagara Falls, 
N.Y. Professor Rosenthal is chairman of the De- 
partment of Mining and Metallurgy, University of 
Wisconsin, Madison. 
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favorable sites) and at other lattice im- 
perfections until all sites are filled. 


Table I — Composition of Type 304 Test Heats 


When this point is reached, at about 
0.0005% B, any additional boron atoms 
introduced are forced into less desirable 


COMPOSITION 


IDENTIFICATION 


B 


locations, resulting in either increased 
strain energy at the grain boundaries or 
grain-boundary precipitation of a boron- 
rich phase. The net result is a loss of 
hardenability with increasing boron con- 
tents beyond the optimum value. Thus, 
boron up to about 0.0005% will increase 


Cc 0.073% 


hardenability, but amounts in excess of 
this result in reversal of the boron effect. 

It is postulated that at least to 0.0037% B 
the mechanism described above also explains 
the behavior of boron in reducing the rate of 
intergranular attack of the stainless steels. 
This is supported by the curves in Fig. 2 which 
is a plot of the average corrosion rate for five 
boiling periods as a function of the boron con- 
tent for specimens sensitized at three tempera- 
tures. From no boron to 0.0007% B, the rate 
of intergranular attack decreases markedly. 
Between 0.0007 and 0.00387 B, the rate of inter- 
granular attack increases again, presumably due 
to increased strain at the grain boundaries or 
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Corrosion Rate, 0.001 In. Penetration Per Mo. 


grain-boundary precipitation of a boron-rich 
phase when boron contents are greater than the 
optimum. It is believed that due to the high 
carbon content and inherent susceptibility to 
carbide precipitation of these steels, the grain- 
boundary precipitate is not boron-rich, but 
rather a carbon-rich phase which precipitates 
by a strain-relieving mechanism thereby result- 
ing in a higher rate of intergranular attack. 

Beyond 0.0037% B, the curves fall rapidly 
again. This second decrease in the rate of 
attack cannot be explained in terms of reduction 
of grain-boundary energy because the 
optimum boron content (0.0005%) 
has been exceeded. However, metal- 
lographic studies show that, for iden- 
tical thermal histories, the amount 
of general precipitation within the 
grains increases as the boron content 
increases. This same phenomenon 
occurs regardless of the sensitizing 
temperature, although to a lesser 
degree at lower temperatures. It is 
suggested that above 0.0037% B the 
general precipitation is great enough 
to exert an influence on the inter- 
granular attack by either decreasing 
the amount of precipitate available 
for the grain boundaries, or by re- 
placing the original carbide precipi- 
tate with a boron-rich precipitate 
more immune to intergranular attack. 

The results of exposing sensitized 
(2 hr. at 1250° F.) and unsensitized 
specimens to boiling acidified copper 


Fig. 1— Effect of 0.0063% B 
and Exposure Time in Boiling 
Nitric Acid on Corrosion Rate 
of Type 304 Stainless Steel 
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A C D 
0.069% | 0.071% 
Cr | 18.43 18.43 18.83 18.69 4 
Ni 9.88 9.19 9.15 9.07 
Mn 1.59 1.59 1.60 1.58 
P 0.011 0.011 0.007 0.012 
é Ss 0.017 0.013 0.011 0.013 
3 Si 0.54 0.47 0.31 0.49 ae 
- B none 0.0007 0.0037 0.0063 ® 
1200° 
| 1300° 
| 1400° 
| 0% Boron 
| 0.0063% Boron 
| 1100° 
| 
| | /1200° | 
| | 1300° 
: | 1400° 
J 1000°F | 
2 0 48 96 144 192 240 
Exposure Time, Hr. 
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Corrosion Rate, 0.001 In. Penetration Per Mo. 


1200°F. 


1300°F. 


~ 
1400°F. 
0.004 0.008 
Boron Content, % 


Fig. 2— Effect of Boron Content and Sensi- 
tizing Temperature on the Corrosion Rate of 
Type 304 Stainless Steel. Specimens were 
exposed for 240 hr. in boiling 65% nitric acid 


sulphate solution for 72 hr. (Strauss test) and 
subsequently bending them 180° is shown in 
Fig. 3. These results do not follow the same 
pattern as the Huey test results shown in Fig. 2 
in that the low corrosion rate of the 0.0007% 
boron alloy is not duplicated. Rather, the sensi- 
tivity to attack decreases progressively with 
boron content. The initial decrease in corrosion 
rate with a boron addition in the vicinity of 


A (No Boron) 


q 
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B (0.0007% B) 


0.0005 to 0.001% is believed to be more typical, 
however, inasmuch as it was also experienced 
with cast steels exposed to the Strauss test in a 
previous investigation. The failure of the 
0.0007% boron steel to react as favorably in the 
Strauss tests as in the Huey test is not under- 
stood. The only apparent differences between 
the conditions for the Huey and Strauss tests 
were in the geometry of the test samples and 
the use of 1250° F. for the sensitizing tempera- 
ture for the Strauss tests. 


Protection Not Complete 


Although boron was helpful in reducing inter- 
granular attack, by no means did it provide a 
complete or satisfactory type of immunity. 
H. A. Pray (Corrosion Handbook, edited by 
H. H. Uhlig, John Wiley and Sons, 1948, p. 
1016) points out that a uniform corrosion rate 
from one 48-hr. boiling period to the next is 
desirable, but corrosion rates that increase from 
one period to the next indicate undesirable per- 
formance. As shown in Fig. 1 increases in cor- 
rosion rate from period to period of the speci- 
mens containing boron (Heat D) are much less 
than those with no boron. However, samples 
from Heat D are more subject to an acceler- 
ating type of attack (indicated by the continu- 
ally changing slope of the curve) than the nor- 
mal Type 304 steel. Of the samples which 
contained no boron or 0.0063% boron only those 
sensitized at 1000° F. corroded less than 0.002 
in. penetration per month, a commonly used 
criterion in the boiling nitric acid test.* © 

*“Corrosion Resistance and Mechanical Proper- 
ties of Low-Carbon Austenitic Stainless Steels”, 
Symposium on Evaluation Tests for Stainless Steels, 
A.S.T.M. Special Technical Publication No. 93, 
AS.T.M., 1950, p. 60. 


Fig. 3 — Results of 180° Bend Tests on Heats A, 
B, C, and D for Sensitized (Specimens at Left of 
Each Pair) and Unsensitized Type 304 Stainless. 
Bars were exposed 72 hr. in boiling acidified cop- 
per sulphate (Strauss test). Note that bend tests 
do not follow same pattern as Huey tests (Fig. 2) 


C (0.0037% B) D (0.0063% B) 
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Nondestructive Testing 


ina Steel Mill 


By W. A. BLACK* 


A nondestructive method for testing steel products must ° > fast, 
cheap, automatic and, above all, discriminatory. 

Since little equipment of this sort is available commercially, 

it is often necessary to design and build special testers. 

Three unique devices, a seam depth indicator, a tube tester, 

and a portable ultrasonic unit, are described. (S13g, $13h; ST) 


Nonpestructive TESTING, each 
piece of material in a lot can be tested for qual- 
ity. This mere fact has opened important new 


and broad fields for inspection processes which 
the exacting demands of modern design have 
made necessary. Today, hundreds of thou- 
sands of parts must be produced with a degree 
of freedom from flaws that would have been 
impossible 20 years #20. Much of the credit 
for this accomplishment -1n be attributed to 
nondestructive testing methods. They have 
made it practical to test each and every item 
involved, and to locate defects on both mate- 
rials and finished products. 

In steel production, as in other fields, inspec- 
tion has proved to be an effective weapon in the 
battle to keep costs within bounds. It also helps 
detect and eliminate causes of accidents. It 
has even compensated (partially) for steadily 
rising prices of labor, equipment, and raw mate- 
rials. However, the steelman faces special 
problems in applying nondestructive testing 
techniques. 

The steel industry deals, in general, with 
vast quantities of product having a low cost 


*Assistant Director of Research, Republic Steel 
Corp., Cleveland. This article was condensed from 
a talk given before a meeting of the Society for 
Nondestructive Testing, Los Angeles, March 1959. 
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per unit. Consequently, tests costly in terms of 
equipment required or time involved are diffi- 
cult to justify. Specialized test equipment and 
techniques are needed to make testing eco- 
nomically feasible. 

To put it simply, in testing semifinished 
metals, such as steel, a nondestructive method 
must be fast, cheap, automatic and, above all, 
highly discriminatory to be useful. The last 
specification is indeed a vital one, because un- 
justifiable rejection of a product that the cus- 
tomer could use can quickly make the entire 
operation unprofitable. 


Republic Designs Its Own 


The need for both automatic operation and 
accurate discrimination impelled Republic Steel 
Corp. to design and build some of its own non- 
destructive testing equipment. One such piece 
of equipment, the seam depth indicator, is 
shown in Fig. 1. When its development was 
begun (about 12 years ago), the only “tool” 
generally used by the industry to determine 
seam or crack depth was a flashlight and a pair 
of eyes. Occasionally, this type of examination 
was supplemented by the use of magnetic 
powder in its various forms. The magnetic 
powder methods, while helping greatly in the 
mere detection of seams, are of questionable 
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Fig. 1 — Seam Depth Indi- 
cator. The probe in the 
foreground induces cur- 
rents in the surface of 
the part being tested. 
Magnitude of the current 
depends on seam depth 
which is indicated on a 
meter. Since movement is 
needed to obtain readings, 
the workpiece is rotated 
or the probe is oscillated 


value in distinguishing between deep and shal- 
low seams.* 

Since neither of these techniques was con- 
sidered adequate, another method had to be 
tried. The principle selected for investigation 
was based on eddy current induction. 

In developing this equipment, several prob- 
lems had to be overcome. One of them arose 
because harmless structural and metallurgical 
deviations changed conductivity of the material 
enough to affect the magnitude of the eddy 
currents; this change in magnitude registered 
on the instrument. Fortunately, these devia- 
tions were gradual as contrasted with the sud- 
den sharp deviation resulting from a crack. 


*Perhaps the basis for interest in discriminating 
between deep and shallow seams should be ex- 
plained. Steelmen spend many millions of dollars 
every year to remove cracks and seams from the 
surface of semifinished billets and bars. They 
would like to reduce the expenditure. Of course, 
they would prefer to produce these products with- 
out imperfections, but the solution to this problem 
seems to be a long way off. In the meantime, each 
batch of billets produced is likely to contain seams, 
and thus require some surface conditioning. There 
are three possibilities. The seam may be shallow 
enough to be removed in rolling or by the custom- 
er’s normal machining practice. If this is the situ- 
ation, the seam is not objectionable. Next, it may 
be deeper but still shallow enough to be success- 
fully removed by chipping, grinding or scarfing. 
Third, it may be so deep that the material is useless 
for its intended purpose and must be scrapped. 

Thus the problem is to determine quickly and 
economically the depth of the crack or seam to 
make sure that conditioning labor is not wasted and 
that all seams that must be removed are properly 


identified. 
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To avoid indicating such changes, the circuit 
was designed to be insensitive to slow, gradual 
variations, reacting only to rapid changes oc- 
curring when cracks and seams were crossed. 

Undesired signals also occurred when the 
search coil was removed from the work sur- 
face. In early models, a bounce caused by a 
slight surface imperfection or the act of lifting 
the coil off the surface caused the same type 
of signal as did a defect. Since semifinished 
material usually has a fairly rough surface, this 
type of signal could be expected frequently. 
Consequently, the “lift-off” signal had to be 
eliminated before the instrument could be used 
in any automatic inspection system. Fortu- 
nately, the electrical differences between the 
genuine and spurious defect signals were great 
enough so that a circuit could be developed to 
screen out the unwanted signals. 

This instrument has one inherent short- 
coming. In its present form, it will not detect 
subsurface seams. Thus, if any portion of the 
seam is short-circuited by conducting material, 
the depth is not registered correctly. This 
means that the instrument is limited to seams 
which are either open or filled with noncon- 
ducting material. Even with this limitation, 
however, the instrument is extremely useful 
because most cracks or seams in semifinished 
stock are filled with nonconducting iron oxide. 

The manual instrument has also been useful 
in preventive maintenance work. Maintenance 
men often need to know the depth of a crack 
located by magnetic powder methods. Is it 
dangerously deep or harmlessly shallow? Our 
device gives the answer quickly and easily. 
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Fig. 2— Automatic Coupling Inspector. Coupling 
blanks with deep seams are lifted on a small elevator 
and dumped into a reject bin, while acceptable 
couplings roll down a conveyer. Though no oper- % 
ator is needed, this machine does over ten times 
the work of one man with a manual seam detector 


Inspecting Tubes With the “Farrowtest” 


In 1929 it was decided to develop a device :3 
to test tubes nondestructively. Ten years later, 
the machine was operating successfully in pro- 
duction. Since the key man in the development 
program was. the late Cecil Farrow, the test 
was Officially named Farrowtest in his honor. 
For the last 20 years, this test has been in con- 
tinuous use on over 300 million ft. of small 
tubing, both magnetic and nonmagnetic. It 
is now being applied in other plants to pipe of 
large diameter. 

ae : The basic principle of the Farrowtest is, as 

Early in its history, the seam depth indicator with the seam depth indicator, electromagnetic 
was used to inspect pipe couplings. In these, induction. A vital difference is that the Farrow- 
shallow seams usually are not a cause for rejec- test circuit is sensitive to defects anywhere in 
tion, but deep seams definitely are. The initial the tube wall, even when there is no surface 


work, which started nine years ago, was all indication. When a defect passes, the induced 
done with manual instruments, similar to that currents are changed by its presence. This 


shown in Fig. 1. Several years ago, two com- 
pletely automatic machines were put into serv- 
ice. (A third is under construction.) One of Fig. 3 — Entry End of Farrowtester. A circumfer- 
these is shown in Fig. 2. Recently an automatic ential current is induced in the tube as it passes 
billet inspector was installed which employs through a group of coaxial coils. Changes in 


the same principles as the indicator. It will be of a 

; , : coil. This test can be adjusted over a wide range 
used to inspect billets 3 to 12 in. square. of sensitivities from low (for mechanical tubing) 
to extremely high (for atomic energy applications) 
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change can be used to stop the tube in its pas- 
sage through the tester, operate a paint spray, 
or operate any other device for locating the 
defect that might be desired. 

A distinguishing feature of most testing of 
magnetic tubing is the use of the saturating 
magnetic field. All of the a-c. coils which are 
used to generate currents are surrounded by a 
large d-c. coil which magnetically saturates the 
tube. This powerful magnetic field reduces the 
effect of the harmless variables usually present, 
such as changes in grain structure, variation in 
stresses, and other metallurgical conditions. It 
does not, however, reduce the effect of harm- 
ful discontinuities. 

The Farrowtest (see Fig. 3) is, to date, the 
only nondestructive test developed for any kind 
of tubing which can be set up on an adjustable 
calibrated basis. It can be depended upon to 
detect all defects above a specified minimum 
size, a feat that it has been doing for almost 
20 years. 

Standardized calibration tubes are provided 
so that the machines can be adjusted to the 
correct level of sensitivity. With the help of 
these standards, all machines can be made to 
operate in the same way. Thus, a tube or a 


Fig. 4— Ultrasonic Tester Built and Used by 
Republic Steel. Each section, the indicator on 
the left and the power supply on the right, 
weighs but 22 lb. Furthermore, only the indi- 
cator need be carried to the part to be tested; 
the power supply can be anywhere within 30 ft. 
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batch of tubing tested at different times and on 
different Farrowtesters gives identical signals. 
Rejection is mechanical and independent of the 
operator's observation, judgment, or opinion. 


Ultrasonic Testing Locates Defects 


Since 1945, the ultrasonic test has been used 
to detect minute internal discontinuities in 
millions of tons of steel. However, exact cali- 
bration is still the greatest handicap in this test. 
No one has yet developed a technique that can 
be relied upon to yield adequately reproducible 
results regardless of the instrument used and 
the steel being tested. Though progress is 
being made, a great deal of work is still needed. 
In the meantime, however, ultrasonic testing 
continues to be an extremely valuable method 
of controlling quality in steel products, and in 
reducing maintenance costs by detecting in- 
cipient failures in steel parts. 

Commercial instruments are so bulky and so 
heavy that transportation is a major problem, 
particularly in preventive maintenance work. 
This fact is the basis for a personal discovery, 
Black’s Law of Human Reluctance: The de- 
gree of use to which a testing instrument is put 
by a maintenance man is in inverse ratio to its 
size, weight, and ease of interpretation! This 
being an immutable law as far as human nature 
is concerned, the only solution is to lighten the 
equipment. 

The first ultrasonic test instrument commer- 
cially available weighed about 300 Ib. It 
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occupied almost as much space as a small desk, 
and was just about as portable. Obviously, no 
machine this large could be used to any appre- 
ciable degree in maintenance work. 

As time went on, commercial ultrasonic in- 
struments were reduced in size and weight. 
Sperry’s portable Reflectoscope and the Curtiss- 
Wright Echoscope are two typical examples of 
lighter equipment. While these instruments 
represent progress, they are still too heavy for 
one man to handle easily. Figure 4 illustrates 
a smaller instrument devised at Republic’s 
Electromechanical Research Center. When 
using it, the operator needs to carry only the 
22-lb. indicator to the work. It is the unit on 
the left, and is about 74% x 8 x 14 in. The 
power supply on the right is also required but 
it can be located anywhere within a 30-ft. radius 
of the detector unit. Thus, if the maintenance 
man wants to check on the soundness of a shaft 
or an axle up on a crane, he usually needs to 
carry only the indicator unit. Even if the en- 
tire instrument is needed, it is not much of a 
burden. The power supply, housed in a case 
identical with that of the indicator unit, also 
weighs 22 Ib. 

This instrument will do everything commer- 
cial instruments will do, but also has other 
important advantages. For instance, unlike 
most commercial instruments, it uses a spiral 
trace on the oscilloscope. Because of this, 
lengths representing distances up to 48 ft. are 
readily displayed on a small 3-in. tube. 

The spiral trace can provide a spiral line 
which may be as long as 30 in. to represent the 
length of the article under test. This 30-in. 
length contrasts with a 414-in. line on the avail- 
able commercial instruments. It is obvious that 
the observer will be able to locate a defect 
more accurately on a line 30 in. long than when 
the same information is compressed into a trace 
4% in. long. 

Reduction in size and weight has been ac- 
complished by use of the small 3-in. tube and 
by careful selection of components. Some of 
the latter are a fraction of the size of those 
commonly used. 

It may surprise some to learn that transistors 
have not been used in this equipment. This is 
because those available at the present time are 
not stable enough for this type of equipment. 
When transistors of the necessary stability be- 
come available, the size of the ultrasonic tester 
will be reduced still further. 

Spring bars are used to activate large vibrator 
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screens in ore processing plants. Several of 
these giant bars are tuned to the natural period 
of the screen driving mechanism, and the reso- 
nant action of the bars reinforces the vibration 
of the screen. When any bar develops fatigue 
defects, screen efficiency drops noticeably. 

Prior to ultrasonic inspection, defective bars 
could be detected only by dismantling the 
whole assembly, and cleaning, examining and 
testing bars individually. Under these circum- 
stances, a cracked bar could cause many lost 
production hours. Now, with the ultrasonic 
tester, the offending bar can be located in a few 
minutes. No dismantling is required, and the 
defective bar is replaced with a minimum of 
downtime. 

Another interesting application: Tightness of 
the fit of bearing sleeves on diesel locomotive 
axles can be examined ultrasonically. A satis- 
factory sleeve fit sets up stresses in the axle 
which can be registered ultrasonically. If the 
correct stress pattern is not pictured on the 
screen, the sleeve is ruptured. This might be 
called an indirect method of testing since the 
axle, not the defective sleeve, is tested. 

One unique and difficult maintenance prob- 
lem involved the checking of %%4-in. diameter 
rivets holding the blades on a blast furnace 
blower. In this instance, some defective rivets 
had been discovered, and a program was being 
promoted to replace all of the rivets. However, 
these rivets were successfully examined with 
the tester shown in Fig. 4. The few defective 
ones were accurately isolated, even though 
some were only 5/16 in. in length. 


Summation 


These three examples, the seam depth indi- 
cator, the Farrowtest, and the small ultrasonic 
tester, indicate how one steel producer has 
tried to apply nondestructive testing. These 
items, however, serve but a small fraction of 
the needs of the industry. Specialists in non- 
destructive testing have naturally concentrated 
their attention on the high-risk applications in 
which the user can afford elaborate testing in 
the interests of safety. Though there has been 
some attention to the needs of the steel industry 
for highly discriminatory, high-speed automatic 
equipment, progress has been meager to date. 
Perhaps the future will bring increased research 
along these lines. Such work is certainly 
needed, and would surely be welcomed by 
those who are concerned with inspection in 
steel production. 
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Grain Size in 


High-Alloy Hot Work Toolsteels 


By R. F. HARVEY* 


An isothermal method for outlining grains enables investigation 

of composition and heat treatment effects on high-alloy toolsteels. 
Tungsten inhibits grain growth, and rehardening treatments 
result in duplex structures. (M27c; TS) 


Tue toorsteets containing tungsten or 
molybdenum have the highest red hardness 


of the hot work steels. They need this to with- 
stand high working temperatures encountered 
in dies for extrusion, die casting and forging. 
Grain size ratings offer a simple but quantitative 
means for evaluating and controlling the struc- 
ture and properties of these toolsteels. How- 
ever, this method has never been used 
extensively because grain boundaries are diffi- 
cult to outline by the available techniques. 


Delineating Methods 


Three techniques have been employed to out- 
line grain boundaries in hot work toolsteels. Of 
these, the fracture grain size method can mis- 
lead because intergranular fractures are not 
always obtained, and the second method, oxida- 
tion, is difficult to apply. The most practical 
method is the isothermal technique used by 
Payson and Nehrenburgt for several tungsten 
and chromium-base hot work steels. Essen- 


*Research Metallurgist, Braeburn Alloy Steel 
Corp., Braeburn, Pa. 

t“The Metallography and Properties of High- 
Alloy Hot Work Steels”, by P. Payson and A. E. 
Nehrenburg, Yearbook, American Iron and Steel 
Institute, 1948, p. 540. 
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tially, the specimen is quenched below the 
lower critical temperature, and held until pearl- 
ite outlines the grain boundaries. We have used 
this method to evaluate the eight hot work 
steels whose analyses are listed in Table I. 
After preheating at 1400° F., disks 14 in. thick 
were austenitized at 1950, 2050, 2150, 2250 and 
2350° F. A holding time of 20 min. was used 
for every temperature but 2350°F. For this, 
a holding time of 10 min. was used. To de- 
lineate the grain boundaries, the specimens 
were transferred to another furnace at 1400° F. 
where they were held for 8 min. and then 


Table I — Composition* of 
High-Alloy Hot Work Steels 


v | Mo 


0.38 
0.56 
0.58 
0.73 
0.45 
0.57 
0.70 
5.62 


*All steels have 0.17 to 0.30 Mn, 0.14 to 0.33 Si, 
0.013 to 0.022 P, 0.006 to 0.0125 S. 
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Cove | C | W | Cr Ni 
* 0.34 | 9.88 | 3.49 | 0.57 | | 0.50 | 0.16 
. 0.36 | 10.52 | 3.30 | 0.40 | | 0.25 | 0.16 
; 0.29 | 10.29 | 3.03 | 0.24 | 0.51 | 0.78 
0.52 | 12.59 | 3.40 | 0.59 0.37 | 0.15 
‘ ice 0.32 | 12.13 | 2.58 | 0.43 3.63 | 0.23 
0.49 | 15.60 | 2.98 | 0.52 0.29 | 0.17 
0.42 | 4.08 | 4.12 | 1.96 3.80 | 0.10 
0.43 | 1.40 | 3.72 | 0.72 0.09 | 0.17 


1950° F. 
15.6 


quenched in water. In another series of tests, 
the effect of holding times for specimens aus- 
tenitized at 2050 and 2150° F. was investigated. 


Hardening Temperature 


The effect of austenitizing temperature on the 
eight compositions is given in Table II. Figure 1 
also illustrates the variation in grain size of steel 
H21 (Code 1) when austenitized at 1950, 2050, 
2150, 2250 and 2350° F., and isothermally 
treated. It should be noted that conventional 
quenching — which usually consists of quench- 
ing into oil, removing hot on loss of color and 
air cooling to room temperature —does not 
reveal these boundaries. 


Effect of Tungsten 


Though the data are not conclusive because 
other elements vary widely in the eight steels 
tested, it is apparent that grain refinement oc- 


2150° F. 
9.9 


curs when tungsten is increased. Composition 
6, the toolsteel with the largest amount of tung- 
sten (15.6%), had the smallest grain size at all 
temperatures tested. The molybdenum-base 
composition (8) was considerably coarser than 
similar alloys with an equivalent amount of 
tungsten, particularly when austenitized above 
2150° F. 


Austenitizing Time 


The effect of hardening time on grain growth 
was investigated with the results shown in the 
right-hand columns of Table II. At 2150° F. 
all compositions coarsened continuously with 
increasing time. Composition 6 again had the 
finest grain size, and Composition 7 had the 
coarsest grain size for long hardening times. 

Since hot work steels may be occasionally re- 
heated to hardening temperatures, we also de- 
cided to make a limited investigation concerning 


Table II — Effect of Austenitizing Temperature and Time on Grain Size 


TEMPERATURE Tim_E aT 21500 F, 
Cope | 1950° F. | 2050° F. | 2150° F. | 2250° F. | 2350° F. | 20 Min. | 1 Hr. | 6 Hr. 
l 15.6 11.7 9.9 7.2 4.3 9.9 9.7 9.2 
2 — 10.4 9.7 8.8 5.3 9.7 9.4 8.8 
3 — 10.2 10.1 9.0 3.2 10.1 | 8.0 7.6 
4 — 13.4 11.4 10.4 6.9 11.4 | 10.7 10.2 
5 — 9.7 9.5 7.9 4.5 9.5 8.8 8.6 
6 — 18.1 175 14.6 11.1 75 | 12.0 11.3 
7 — 11.6 5.5 3.1 Ss a5 4.0 1.8 
8 11.1 10.2 5.0 3.8 2.8 | 5.0 4.2 2.4 
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2050° F. 
| 


Fig. 1 — Variation of Grain Size 
With Temperature. These speci- 
mens of Composition 1 (Steel 
H 21) have been etched in 5% 
nital and photographed at 1000 x 


2250° F. 


7.2 
the grain coarsening characteristics of composi- of 1950, 2050, 2150, 2250 and 2350° F. were 
tion 1 (H21) on rehardening without an inter- used, and rehardening was also done at these 
mediate anneal. Initial hardening temperatures five temperatures. This made a total of 25 


rehardening treatments investigated. 
After the second hardening treatment, 
18 the isothermal quench mentioned pre- 
viously was used to outline the grain 
boundaries. The results of double hard- 

16 ening are shown graphically in Fig. 2. 
On rehardening without an intermediate 
anneal, very coarse grains were encoun- 
tered on many of the rehardened speci- 
mens. A duplex grain structure was also 
observed on rehardening at 2150° F. or 
higher. Though other investigators have 
reported that subgrains are needed for 
discontinuous coarsening in high speed 
steels, subgrains were not encountered 

on any of our rehardened specimens. 


10 


Conclusions 


Grain Size 


We think, therefore, that discontinuous 
coarsening is related to the state of the pro- 
eutectoid carbides. These effectively in- 
hibit grain growth, and when the amount 
is reduced by solution and coalescence, 
some of the grains grow while others are 
restrained. A duplex condition results, 
and relatively coarse grains are formed 
together with uncoarsened grains. i) 


1950 2050 2150 2250 2350 Fig. 2—Effect of Double Hardening. The 
Second Hardening Temperature, °F. original austenitizing temperatures are indicated 
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Embrittlement by Hydrogen 
and Other Interstitials 


By ALEXANDER R. TROIANO* 


Hydrogen embrittlement is sensitive to strain rate and temperature. 

The kinetics of delayed failure involve an incubation period for initiation, 
followed by discontinuous crack propagation to catastrophic failure. 
Delayed failure and slow strain rate embrittlement have been observed 

in metals other than steels and can be brought about 

by interstitials other than hydrogen. Slow strain rate embrittlement, 
strain-aging embrittlement, and brittle delayed failure are all manifestations 
of the same basic phenomenon. (Q26, 2-60; ST, Ti, H) 


For tone time it has been known that 
interstitial alloying elements, in small quantities, 
exert a potent influence on the mechanical 
behavior of alloys. The elements normally con- 
sidered to be interstitial are carbon, nitrogen, 
hydrogen, oxygen and boron, although it is 
likely that others, under limited conditions, 
may also reside in interstices of the host lattice. 

Of these, carbon has received the most atten- 
tion. The behavior of nitrogen is generally 
considered analogous to that of carbon. Oxygen 
and boron, strangely enough, have been virtu- 
ally ignored. Recently, hydrogen has come 
under close scrutiny, although its influence on 
the mechanical behavior of steel has been 
known for years. The interstitial elements have 
in common a high diffusion rate relative to that 
for the substitutional elements. But, they 
can vary widely in other characteristics — for 
example, solubility, tendency to form com- 
pounds and crystal structure. 


Hydrogen Embrittlement 


It is well known that hydrogen can severely 
embrittle steel and several other metals. One 
of the more intriguing aspects of this embrittle- 
ment is its sensitivity to strain rate and tempera- 
ture — embrittlement is enhanced by slow strain 


112 


rates and elevated temperatures. These vari- 
ables are mutually dependent and may be per- 
turbated over a wide range of conditions. 

To differentiate this type of ductility loss 
from the more conventional behavior, where 
high strain rates and low temperatures enhance 
brittle behavior, it is generally referred to as 
slow-strain-rate embrittlement. The slow strain 
rate and temperature sensitivity suggest that 
the phenomenon is controlled by diffusion of 
hydrogen. 

All brittle failures involve initiation and 
propagation of cracks. Under conditions of 
relatively slow strain rate, controlled by diffu- 
sion of an interstitial, the times for crack initi- 
ation and propagation become highly significant 
and readily measureable over broad ranges of 
time and temperature. An analysis of this type 
of failure will then involve a measurement of 
the time for crack initiation, or more specifically 
the crack incubation period, and a determina- 
tion of the rate and mechanism of crack propa- 
gation to failure. 


* Professor and Chairman, Dept. of Metallurgical 
Engineering, Case Institute of Technology. This 
article summarizes portions of the 1959 @ Camp- 
bell Memorial Lecture presented at the 4lst 
National Metal Congress, Chicago. 
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Fig. 1 — Failure Charac- 
teristics (Notch Tensile 
Strength) of a Hydrogen- 
ated High-Strength Steel 
Indicate a Process of 
Crack Initiation and Rel- 
atively Slow Propagation 


Sustained load tests at different initial stress 
levels and temperatures offer definite advan- 
tages in crack initiation and propagation studies, 
as compared to tests where the load and stress 
are continuously increased, often at relatively 
high rates, such as in a conventional tensile or 
torsion test. A systematic study of this type has 
been in progress at Case Institute of Technology 
on uniformly hydrogenated steel, titanium, and 
other alloys. 

The method of examination was simply to 
load a series of notched tensile specimens at 
different stresses, and then wait for failure. 

Figure 1 is typical of the kind of 


sustained load-to-failure curves ob- 


This behavior is sensitive to hydrogen con- 
centration, as indicated in Fig. 2, which shows 
that all delay failure parameters — notch 
strength, rupture time, and static fatigue limit 
— increase with decreasing hydrogen concen- 
tration. The increase in lower critical stress 
with decreasing hydrogen suggests that crack 
initiation is controlled by a combination of hy- 
drogen and stress. With decreasing hydrogen 
concentration, more stress is necessary to initi- 
ate delayed failure. The concept is supported 
by experiments performed on specimens having 
varying notch severity. The static fatigue limit 


tained. A number of significant fea- 
tures should be noted: 

1. Notch tensile strength may be 
less than normal and directly reflects 
the loss of ductility due to hydrogen. 

2. Delayed failure may occur over 
a wide range of applied stress. 

3. The time to failure depends only 
slightly upon the applied stress. 

4. Perhaps the most significant 
characteristic of this stress-rupture 
relationship is that there is a mini- 
mum critical value below which 
failure does not occur. 

The curves in Fig. 1 are, in es- 
sence, static fatigue curves, and the 
lower critical stress may be con- 
sidered a static endurance limit — 
that is, a stress below which failure 
will not occur for an indefinite period 
of time. 
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Applied Stress, 1000 Psi. 


Fig. 2 — How Static Fatigue Curves Are Influenced 
by Various Hydrogen Concentrations Obtained by 
Baking for Different Times at 300° F. Sharply 
notched specimens at strength level of 230,000 psi. 


900 Normal Notch Strength = 300,000 Psi. 


| 
\ Fracture Time ‘ 
| 
| 
Lower Critical Stress 
(Static Fatigue Limit) 
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— Resistance Increase Due 
to Elastic and Plastic 
Deformation on Loading 
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Resistance Increase, 10° Ohms 


0 


Fig. 3—A Typical Resistivity-Time Curve for 
Sharply Notched Specimens. Specimens baked 
18 hr. at 300° F.; applied stress is 250,000 psi. 


rises as the notch severity (radius) decreases. 

This strongly suggests that a critical combi- 
nation of stress state and hydrogen concen- 
tration must be attained to initiate a crack. 
Additional support comes from an examination 
of the position of crack initiation as a function 
of the notch severity. Sharply notched speci- 
mens crack slightly below the notch bottom and 
less sharp notches crack more deeply. 


Kinetics of Crack Initiation 


Now let us consider specifically the initiation 
and propagation of cracks leading to failure. 
First we can examine events occurring prior to 
fracture in the static fatigue range. The cracks 
evidenced and the appearance of the fracture 
surfaces (see bottom of Fig. 1) indicate that 
failure occurs by a process of crack initiation 
and relatively slow propagation. 

The kinetics of crack initiation and propaga- 
tion can be followed by electrical resistance 
changes. Figure 3 shows a typical resistivity- 
time curve for sharply notched specimens. The 
existence of an incubation period for crack 
initiation and a period of apparently controlled 
crack propagation is apparent. 

The failure process may be divided into three 
distinct stages, as indicated by resistivity curves: 
(a) the incubation period, (b) a period of rela- 
tively slow crack propagation, and (c) cata- 
strophic failure with extremely rapid crack 
growth. The appearance of the fracture as well 
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as the resistivity curves clearly differentiate be- 
tween these latter two stages — that is, the area 
of slow crack growth and that of catastrophic 
failure. Thus, it is possible to determine the 
fracture stress which calculates out to be con- 
stant and about equal to the value of the frac- 
ture stress for the unembrittled material. This 
is true over a wide range of hydrogen concen- 
tration and applied stress. This simply means 
that failure of type (c) above is merely a high- 
strain-rate test; thus, there is no manifestation 
of hydrogen embrittlement. 


Slow Crack Propagation 


Let us now consider slow crack propagation. 
The constancy of the fracture stress, just con- 
sidered, really pinpoints the role of hydrogen 
diffusion. The average hydrogen concentration 
is not sufficient to propagate a crack. In other 
words, crack propagation must await a localized 
increase in hydrogen concentration in front of 
the crack. This merely means that the crack 
progresses slowly at a rate controlled by hydro- 
gen diffusion to a region near the crack tip. 

Thus, the implication is that crack propaga- 
tion is a discontinuous process and, in fact, 
consists of a series of craek initiations. The 
most severe triaxial stress state will arise just 
slightly in advance of the crack. When the 
critical hydrogen concentration is attained, a 
small crack forms and grows through the hydro- 
gen-enriched region, thus joining the previous 
crack; further growth must await hydrogen dif- 
fusion to the new region of high stress state. 

Resistivity curves taken at room temperature 
give only a slight hint of discontinuous growth. 
However, similar curves, at lower temperatures 
where the diffusion rate of hydrogen is retarded, 
yield clear evidence in support of this hypoth- 
esis, as illustrated in Fig. 4. It is apparent from 
the abrupt resistance increases that the crack 
propagates in a discontinuous manner. After 
each step on instantaneous growth, a plateau 
of constant resistance is present. The plateaus 
of constant resistance are then secondary incu- 
bation periods. As the temperature is lowered, 
the plateaus become longer and the individual 
crack extensions become larger, or in other 
words, fewer discontinuous units of crack prop- 
agation are needed to achieve failure. Finally, 
at —50° F., the ultimate in discontinuous propa- 
gation is attained; that is, the first crack propa- 
gates instantaneously through the specimen. 

Since brittle failure is brought about by a 
series of crack initiations, the factors involved in 
controlling the incubation time should be highly 
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Fig. 4 — Resistance In- § i 
creases With Time When ~~~ gag 
Hydrogenated Specimens 
Are Tested in the Stress 
Range of Delayed Failure 
at Low Temperatures. 


It is apparent from the 
abrupt resistance increases 
that the crack propagates 
in a discontinuous manner 


Resistance Change, 10° Ohms 
5 


3 


of 


significant parameters of the basic mechanism. 
The initiation of a hydrogen-induced crack is 
dependent on two factors: (a) The stress- 
induced diffusion of hydrogen, producing an 
appreciable hydrogen segregation in a localized 
region, and (b) the basic influence of hydrogen 
on the material, causing localized cracking. 

In terms of (a) above, a basic component of 
the incubation time is the relation between 
hydrogen content and the stress necessary to 
initiate a crack. This combination of hydrogen 
and stress has been referred to repeatedly so 
let us now separate and evaluate the specific 
influence of each factor. It has been demon- 
strated that crack incubation time is relatively 
insensitive to applied stress, strongly implying 
that the process depends primarily on develop- 
ing a critical hydrogen concentration. 


Low-Temperature Tests 


At room temperature, as a result of stress- 
induced diffusion during a mechanical test, the 
hydrogen content at the point of crack initiation 
is not known. Thus, in determing the stress- 
hydrogen relationship to produce a crack, it is 
necessary to test under conditions where the 
hydrogen concentration is not altered during 
the test. Such conditions are attainable at 
low temperatures where the diffusion rate of 
hydrogen is virtually nil. 

Normal tensile tests were conducted at liquid 
nitrogen temperature (—321° F.) and the reduc- 
tion in area was used as the parameter to meas- 
ure embrittlement. Hydrogen was varied by 
regulating the charging current density. 
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Fig. 5 — How Hydrogen Content (Log Current 
Density) Affects the Ductility of 4340 Steel at 
—321° F. Specimens were charged for 24 hr. 


Figure 5 shows the influence of hydrogen 
content on ductility at —321° F., as indicated 
by the logarithm of current density. While it 
would be desirable to have specific hydrogen 
contents plotted on the abscissa, and although 
such values are available, certain problems as- 
sociated with a precise quantitative interpreta- 
tion of their significance have not yet been 
resolved. Nevertheless, for the argument pre- 
sented here, the results clearly indicate that the 
relationship between hydrogen and stress nec- 
essary to initiate a crack is primarily dependent 
on the hydrogen content. Below some critical 
quantity of hydrogen, no embrittlement occurs, 
but when a critical content is reached, catas- 
trophic embrittlement takes place. 

The initiation of a hydrogen-induced crack 
above some threshold stress is therefore de- 
pendent on the development of a critical hydro- 
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Fig. 7 — Resistivity Curve for Steel Shown in Fig. 6. Resistance 
increases as a function of time for high-temperature alloy steel 
in the stress range of delayed failure. Test temperature 950° F. 


gen content, rather than a critical relationship 
between both hydrogen and stress. The relative 
insensitivity of the incubation time to the 
applied stress is understandable on this basis. 


What, Then, Is The Role of Stress? 


Presumably, the stress in the failure range 
influences the process primarily through its 
ability to produce a critical amount of hydrogen 
grouping in the region where a fracture embryo 
exists. There is, however, a minimum stress 
necessary to cause a critical accumulation of 
hydrogen; less than this will develop some 
segregation but not the critical amount. For 
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Fig. 6 — Brittle Delayed 
Failure Can Occur Without 
Hydrogen. Shown above 
are static fatigue charac- 
teristics (sharply notched 
specimen) of a high- 
temperature alloy steel at 
the 270,000-psi. strength 
level. Test temperature, 
950° F. Composition of 
steel: 5.0% Cr, 1.35 Mo, 
0.9 V, 11 Si, 04 C 


dilute solutions, the equilibrium dis- 
tribution of solute atoms can be 
described in terms of a Boltzman 
distribution function utilized to ana- 
lyze solute segregation.* 


Embrittlement in Other Alloys 


Slow-strain-rate hydrogen embrit- 
tlement has been observed in titan- 
ium and its alloys displaying alpha, 
alpha plus beta, and beta structures. 
Indeed, not only has slow-strain-rate 
embrittlement been observed in all 
three structures, but the same brittle 
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delayed-failure characteristics under 

sustained load, characteristic of 

steels, have been obtained in almost 
oe perfect analogy including incubation 

time and crack propagation. Slow- 
strain-rate embrittlement has also 
been observed in vanadium and co- 
lumbium, and indirect evidence 
indicates its presence in molybdenum 
and possibly tantalum. 

All of the metals considered thus far are 
body-centered cubic with the exception of alpha 
titanium which is hexagonal close-packed. It 
has generally been accepted that face-centered 
cubic metals will not display slow-strain-rate 
hydrogen embrittlement. However, recent 
tests in our laboratories have revealed this phe- 
nomenon in nickel and several nickel-base 
alloys when heavily charged with hydrogen. 


*This concept and its related mathematical 
analysis will be discussed fully in the complete text 
of this lecture which will be published in A.S.M. 
Transactions, Vol. 52, 1960. 
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Let us now turn to some of the other inter- 
stitials. Actually, the earliest evidence of slow- 
strain-rate embrittlement involves the so-called 
blue-brittle behavior of steel, which is merely 
a manifestation of spontaneous strain-aging em- 
brittlement caused by carbon and nitrogen — 
clearly demonstrated more than 35 years ago. 
Speculative logic leads to the conclusion that 
strain-aging embrittlement is only another facet 
of slow-strain-rate embrittlement or conversely. 

In titanium alloys, slow-strain-rate embrittle- 
ment has definitely been correlated with strain- 
aging embrittlement for a number of interstitials 
— carbon, nitrogen, and oxygen as well as hy- 
drogen. For several of the higher strength, 
hydrogenated titanium alloys, both slow-strain- 
rate and strain-aging embrittlement have been 
experimentally related (as to time and temper- 
ature) to brittle failure in a sustained load test. 

If our earlier generalizations are accepted 
that (a) strain-aging embrittlement is merely a 
manifestation of slow-strain-rate embrittlement, 
and (b) slow-strain-rate embrittlement involves 
discontinuous crack propagation to brittle fail- 
ure, as exemplified by a sustained load test, then 
the delayed failure or static fatigue type of fail- 
ure should not be restricted to hydrogen. It 
should be a much more general phenomenon 
and possible for other interstitials, not to men- 
tion substitutional elements. 


Brittle Delayed Failure Without Hydrogen 


More specifically, one might expect brittle 
delayed fracture in steel caused by carbon and 
nitrogen if conditions are appropriate. What 
do we mean by appropriate conditions? First, 
it is apparent that the particular interstitial in- 
volved must have reasonable mobility. For 
hydrogen, this occurs near ambient tempera- 
tures. For carbon or nitrogen, equivalent tem- 
peratures lie in the range 700 to 1000° F. Yield 
strength must be above the threshold value re- 
quired to attain the critical interaction energy. 

With these considerations in mind, a steel 
was selected which did not appreciably lose its 
yield strength at temperatures where carbon 
mobility may be expected, that is, up to 1000° 
F. Sustained load tests were conducted at ele- 
vated temperatures. Data in Fig. 6 and 7 dem- 
onstrate that brittle delayed failure can occur 
without hydrogen. Here we have the typical 
static fatigue curve (Fig. 6) complete with crack 
incubation time and static endurance limit. In 
addition, appearance of the fracture indicates 
slow crack propagation. Figure 7 shows the 
resistivity curve, conclusively demonstrating 
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that the process involves a crack incubation pe- 
riod followed by discontinuous crack propaga- 
tion. Thus it becomes evident that interstitials, 
other than hydrogen, can bring about brittle 
delayed failure with a finite crack incubation 
period and discontinuous crack propagation. 
This is a perfect image of the behavior observed 
for hydrogen in steel at lower temperatures. 

A rationalization of this behavior in terms of 
current, general theory on brittle fracture is not 
apparent. It is difficult to visualize that a dis- 
location pile-up which raises the flow stress to 
the fracture value will give rise to discontinuous 
crack propagation of the type observed. 

Indeed, no satisfactory explanation for strain- 
aging embrittlement has yet been presented. 
With regard to the yield point phenomenon in 
strain aging, the Cottrell mechanism of disloca- 
tion locking by condensed atmospheres of for- 
eign atoms provides a reasonably adequate 
explanation, but there is nothing in it to account 
for the loss of ductility in strain aging. 

Dislocation locking will only bring about a 
rise of the flow stress with an attendant increase 
in strength; but strength and ductility are not, 
per se, reciprocal properties. In addition, strain- 
aging embrittlement always occurs in a higher 
temperature range than the yield point phe- 
nomenon. To be sure, there may be some over- 
lapping. However, there is no device in theory 
for increasing the locking of dislocations by 
raising the temperature. 

We offer for your consideration and future 
evaluation the thought that the true fracture 
strength, or, if you wish, the cohesive strength, 
of the lattice is lowered by the segregation of 
interstitials in the lattice at the region near the 
tip of the dislocation array*. This is considered 
to be an uncondensed atmosphere; as such it 
permits the array to be a more active fracture 
embryo and allows a greater average concentra- 
tion of the interstitial over a larger volume. 

The implication is strong that not only is 
delayed failure the result of the lowering of the 
true fracture strength of the lattice, but slow- 
strain-rate embrittlement and strain-aging em- 
brittlement likewise result from the same 
phenomenon. The further implication is that, 
under appropriate conditions, this loss in lattice 
cohesion can be brought about by an intersti- 
tial or combination of such. Studies of the in- 
fluence of other interstitials, particularly oxygen, 
from this point of view will be fruitful © 


*An analysis of the mechanism by which the 
true fracture strength may be lowered will be given 
in full publication of the Campbell Lecture. 
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Special Report 
on Electroslag Welding 


How Electroslag Welding 
Is Used in Russia 


By ARTHUR B. TESMEN* 


Extensive work with electroslag welding in the U.S.S.R. has paid off. 
The process has gained a firm footing in industry 

and has proved economical and practical in the fabrication of 
heavy items where thick sections must be welded. (K6) 


Execrrostac WELDING, developed in the 
Soviet Union about ten years ago, is a fusion 
method for joining thick r-arts. Results of much 
development work in process and equipment 
improvement, and applications experience, have 
been published in Russian literature (see Metal 
Progress, January 1959, p. 79, and November 
1959, p. 100). 

In principle, electroslag welding (Fig. 1) 
relies on the electrical conductivity of a molten 
welding flux at high temperatures. A powerful 
electric arc is started and maintained under a 
layer of flux. As soon as a sufficiently thick 
layer of hot molten slag is formed in the welding 
pool, the arcless phase begins; current passes 
from the electrode to the workpiece through 
the conductive slag. Heat generated by the 
slag and in the molten slag-metal interface 
fuses the edges of the workpiece and the weld- 
ing wire. The amount of heat developed in the 
molten pool can be determined by the formula 

Heat developed (in calories)=0.24 * U* I 
where U= voltage drop in the slag layer 
(usually about 30 to 45 volts), and I = current 
(amperes). 

Stability of the process is determined by the 
volume of molten slag, depth of the slag and 
metal pools, and characteristics of the power 
source. Best results are obtained from stable 
power sources which permit simultaneous in- 


* Metallurgical Engineer, Loewy-Hydropress Div., 
Baldwin-Lima-Hamilton Corp., New York. Con- 
sulting Editor, Metal Progress. 
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creases in current and voltage. As shown in 
Fig. 1, the workpieces are located vertically, 
the most favorable welding position. One or 
more electrodes (D) are placed in the clearance 
between the abutting surfaces. The joint is 
molded by two watercooled copper plates (B) 
which automatically slide upward on the work- 
piece as welding progresses. To insure uniform 
weld quality, arc initiation and transition is 
accomplished within special starting plates (G) 
attached to the workpiece. The process is com- 
pleted within end plates. Thus, such defects 
as blowholes, porosity, and slag which may form 
during the arc phase, the arc to arcless transition 
phase, and the end of the welding cycle, are 
located within these end plates. Upon com- 
pletion of welding, the plates and defective 
metal are removed by gas cutting or by mechani- 
cal means. Figure 2 shows the arrangement of 
starting and end plates in a boiler drum joint. 


Applications and Advantages 


Electroslag welding has primarily been used 
for joining thick-walled material such as high- 
pressure boiler drums, large shafts, frames for 
heavy presses, rolling mills and machine tools, 
and other components of large cross-sectional 
area. It has also been used for overlaying 
surfaces to protect them from heat and wear. 

Electroslag welding permits joining metals 
of almost unlimited thickness (over 40 in.) in 
one pass without edge beveling. Welding 
speeds are several times that of submerged arc 
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Fig. 1 — Cutaway Drawing of Electroslag Welding: 
A, workpiece; B, copper shoe; C, slag pool; D, elec- 
trode; E, metal pool; F, weld seam; G, starting plate 


and several dozen times that 
of manual arc welding. 
Joints are structurally supe- 
rior to heavy multipass are 
welds due to greater weld 
metal uniformity, decreased 
contraction across joint and 
better stress distribution. 
Melting, heating, and 
cooling of the base metal are 
more uniform, and cracking 
in the heat-affected zone is 
thereby decreased. The 
molten pool is well protected 
from atmospheric contami- 
nation by a thick slag 
blanket. Thus, chemical uni- 


Fig. 2— Boiler Drum Joint 
Ready for Electroslag 
Welding. Starting and end 
plates are removed when 
weld has been completed. 
Joint clearance is about 1 in. 
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formity and freedom from gas and slag inclu- 
sions are assured. Flux expenditure is consider- 
ably less than in submerged arc welding. 


Joint Preparation 


Joints can be prepared by gas cutting with- 
out subsequent machining. Beveling is not 
required. Joint clearance is established in 
assembly. In joining long seams, such as longi- 
tudinal boiler drum welds, rigid reinforcing 
brackets are used (Fig. 3). Typical joint designs 
for electroslag welding are shown in Table I. 

The initial and terminal plates are welded to 
the workpiece by manual arc welding. When- 
ever possible, the initial and terminal attach- 
ments are cast or forged as a part of the work- 
pieces. Attachments, of course, cannot be pro- 
vided for circular welds. Instead, welding 
starts in a flux layer, and the initial part of the 
seam is removed later by a special gas torch. 
A terminal pool, which acts as a hot top to take 
care of metal shrinkage, completes the weld. 
The outer surface of the weld is formed by a 
copper slide on the O.D. of the cylinder. It 
is possible to use a permanent steel back-up 
strip instead of the copper sliders. The strip 

then remains with the joint 
as an element of construction 


(Fig. 4). 
Typical welding conditions 
for steels of various thick- 
nesses are given in Table II. 
4 The important variables are 
2 the depth of penetration and 
the amount of fused base 
$ metal in the weld. The 
process becomes more eco- 


nomical with the decreasing 
amounts of welding wire in 
the weld joint, and, accord- 
ingly, more base metal in 


the weld. 
Depth of Penetration 


The depth of the weld 
pool increases and penetra- 
tion decreases as the joint 
clearance is reduced. Con- 
sequently, narrow joints re- 
sult in faster welding rates. 
Minimum joint clearance is 
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Table I — Joint Designs for Electroslag Welding 


METHODS OF METHOD OF SKETCH OF 
Joint Mo (ForMING) REINFORCING JOINT Joint 
THE WELD SEAM Prior TO WELDING 

Butt Joint | 1. Copper sliding plates Brackets Yj Yy 

2. Permanent steel back-strip | Clamping fixture 
and copper slide plate 
3. Copper strip and slide plate | Hydraulic jacks YY) 
La 


Circumferen- 
tial 


. Copper slide plate on the 


O.D. and copper chill ring 
on the I.D. 


. Copper slide plate on the 


O.D. and a_ permanent 
back-up strip on the I.D. 


. Copper slide plates on the 


O.D. and I.D. 


Brackets on the I.D. 


Clamping fixture 


. Copper slide plates 
2. Slide plate and copper 


back-up strip 


Brackets 
Clamping fixture 
Short welds 


Fillets and 
corners 


. Copper slide plates 
. Slide plate and copper 


Brackets 
Clamping fixture 
Short welds 


back-up strip 


20 mm. (about 0.79 in.); maximum is 30 to 35 
mm. (about 1.2 to 1.4 in.). Penetration is also 
dependent upon current density. With an 
electrode wire 3 mm. in diameter (about % in.) 
current should be between 400 and 800 amp. 
At higher current densities, the rate of wire 
feed sharply increases, penetration is deeper 
and weld cooling rate may become too high. 
The result: Shrinkage cracks. 

An increase in the voltage drop — which is a 
function of the flux composition and depth of 
immersion of the electrode wire in the molten 
pool —in turn increases the welding rate and 
the depth of penetration. Voltage is usually 
maintained at about 38 to 48 volts. 

Increasing the length of electrode protruding 
from the wire guide decreases the depth of 
penetration somewhat since the end of the 
wire heats up and its melting rate increases. 
Too short a protrusion may cause overheating 
of the guide. The average should be 50 to 
100 mm. (about 2 to 4 in.). Greater oscillation 
rate of the electrode decreases penetration. 
The average rate is 30 to 50 per hr. with a 4 
to 8-sec. delay at the end of each oscillation. 
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For best results the electrode should come 
within 6 to 12 mm. (about % to % in.) of the 
water cooled slides during the delay period. 
This minimizes the temperature gradient in the 
slag and metal pools. 


Fig. 3 — Alignment Between Workpieces Is Main- 
tained by Reinforcing U-Shaped Brackets. Cop- 
per shoes slide along joints without interference 
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Fig. 4— Horizontal Cross Section Through Ver- 
tical Electroslag Welds. Permanent steel back-up 
strips (A) replace copper slides on one side of 
each joint between workpieces (B). Outer surfaces 
of weldments (C) are molded by copper slides 


Flux Properties 


Flux composition influences the depth of 
fusion, the ease with which the process can be 
switched from arc to arcless during starting, the 
electrical conductivity and fluidity of the slag, 
and the shape of the weld surface. 

Typical flux compositions are given in Table 
III. Flux expenditure is considerably less than 
in arc welding. Research has shown that the 
stability of electroslag welding increases with 
electrical conductivity and boiling point of the 
slag and decreases as viscosity and surface 


tension of the slag become higher. 


Equipment for Welding 


A typical Russian electroslag installation con- 
sists of a stand, welding head, and auxiliaries. 
The stand is used for positioning, supporting, 
and sometimes rotating the workpiece for cir- 
cumferential welds. 

Welding heads, either single or multiwire, 
feed the wire to the joint, control the movement 
of the weld pool along the seam, and pro- 
vide the horizontal oscillating motion for the 
electrodes. 

Auxiliaries include regulators which control 
the level of the weld pool. Voltage is con- 
trolled by automatic switching of the primary 
of the transformer, or by an ignitron contactor 
in the transformer circuit. 

A variety of electroslag welding machines 
have been developed as a result of specialized 
applications. Gradually more universal ma- 
chines have evolved, and currently several types 
are being standardized. Standardization is 
based upon requirements of versatility, depend- 
ability, accessibility, and visibility to the oper- 
ator. Machines can be roughly classified 
according to the maximum thickness which 
they can weld. On this basis there are three 
types: machines with a single, oscillating elec- 
trode for thicknesses up to 150 mm. (about 6 in.), 
three-wire machines for thicknesses of 450 to 
500 mm. (about 18 to 20 in.), and those which 


Table II — Typical Operating Conditions for Electroslag Welding* 


METAL NUMBER OF 


THICKNESS | ELECTRODES 


TRANSVERSE | 
ELECTRODE 
OSCILLATIONS 


| DEPTH OF 


VOLTAGE 
MOLTEN Poot 


CURRENT 


1.6 to 2.4 in. ] 
2.4 to6 ] 
2.4 to4 2 
3.2 to4 3 
3.9 to 18 | 3 


none | 500-600 amp. 40-42 | 
30 to 50 per hr. | 500-620 42-46 | 2-2.4 
none | 500-600 42-46 
none | 600-620 | 42-46 
30 to 50 per hr. | 600-700 42-48 


1.8-2 in. 


1.8-2.2 
| 2.0-2.8 


| 2.4-3.2 


*Electrode diameter 0.118 in.; joint clearance about | in. Power transformer: single- 
phase with one and two electrodes; three-phase with three electrodes. 


Table III — Flux Compositions for Electroslag Welding* 


IDENTI- 
FICATION 


DEVELOPED BY S10, AL,O; 


McO | Na.O- 


Central Machine- | 46-48 
Building Institute 
AN-8 Paton Welding 33-36 11-15 
Institute 
Paton Welding 
Institute 


FTS-7 3.0 max. 


AN-72 18-21.5 | 19-23 


16-18 0.6-0.8 


5-7 


11.5-15 


*All compositions: 0.15% S and 0.10% P max. 
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: 
| YW; SS) 
: 
NG 
3.0 max. | 24-26 1.5 max. | 5-6 
1.5 max. | 13-19 
wae 12-15 | 7-9 | | 1.3-1.7 1.0 max. | 20-24 
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use plate electrodes for thicknesses over 500 
mm. (about 20 in.). 

Some electroslag welders are guided along 
rails as welding progresses. For long seams, 
however, rails become heavy and cumbersome. 
Four general machine types cover most of the 
current requirements: 

1. The rail-less type is employed for straight 
butt, corner and T-welds up to 150 mm. thick 
(about 6 in.) and of indefinite length. This 
welder uses a magnetic-walking attachment 
described in Metal Progress, Nov. 1959, p. 105. 

2. A heavy machine, mounted on rails, is 
preferred for straight and circumferential butt, 
corner and T-joints up to 500 mm. thick (about 
20 in.). It can weld a seam 5 to 8 m. (about 
16 to 26 ft.) in length and is suitable for over- 
lay work. Typical setups for a welder of this 
type (A-535) are shown in Fig. 5. 

3. A machine is used for compact weldments 
of short seam lengths (up to 1.5 m.; about 5 ft.) 
in thicknesses up to 1000 mm. (about 40 in.). 

4. A welder with a consumable wire guide 
is used for complex joint configurations, repair 
work, heavy castings, difficult-to-reach joints, 
and for pieces up to 2500 mm. thick. (100 in.) 
using 18 electrodes. 


Applications 


The success of electroslag welding in Russia 
points out the usefulness of the process. For 
example, the process is employed in fabricating 
heavy ring flanges of 18-9 Cr-Ni stainless steel 
for nitrogen and oxygen regenerators. The 
rings are 60 to 106 in. O.D., about 5 to 8 in. 
thick, and 6 to 9 in. high. They weigh % to 2 
tons. For joining the two semicircular pieces 
which make up the rings, the Russians use plate 
electrodes of the same composition as the base 
metal. Welding is performed with 2200 to 2400 
amp. and 30 to 32 volts. Electrode feed is about 
7 ft. per hr. and welding takes 10 to 20 min. 

Electroslag welding is also used on thick 
electric motor housings and has eliminated set- 
up and cleaning operations required for sub- 
merged-arc welding. Man-hours spent on each 
piece are reduced. Flux expenditure dropped 
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Fig. 5 — Typical Setups for Electroslag Weld- 
ing of Various Joints: A, welding a vertical 
joint; B, welding inclined and some circum- 
ferential joints; C, circumferential welding; 
D, welding thick joints with plate electrodes 


from 73 to 4 lb. and energy requirements from 
72 to 3 kw-hr. Machining time was cut in half 
and rejects due to slag inclusions and porosity 
were eliminated. 

Other applications include welding of high- 
pressure boiler drums, hydraulic and mechani- 
cal press frames and stands, hammer anvils, 
and turbine shafts. (Some of the resultant 
savings in costs and materials are described in 
the November issue of Metal Progress, p. 100.) 


Post-Heat Treatment 


A drawing of a typical macrostructure of an 
electroslag welded joint is shown in Fig. 6. 
Normalizing at 1740°F. followed by temper- 
ing at 1200°F. or normalizing only for low- 
carbon steels is sufficient to recrystallize the 
coarse grains in the heat-affected zone of the 
base metal and the columnar structure of the 
weld. In large weldments, local induction heat- 
ing has been successfully used for post-heat 
treatment. 


Fig. 6 — Schematic Drawing of the Macrostruc- 
ture of an Electroslag Weld: A, base metal; 
B, area of incomplete recrystallization; C, area 
of complete recrystallization; D, overheated 
region; E, columnar grains; F, equiaxed grains 


Weld 
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Fig. 1 — Electroslag Welder Shown Here Oper- 
Entire 
apparatus except power transformer and relay 
cabinet moves up I-beam as welding progresses 


ating With One Wire Electrode. 


Approach to Electroslag Welding 
in the United States 


Its economic advantage and efficiency already proven 
by practical experience in Europe and Russia, electroslag welding 
can expect quick acceptance in this country. (K6) 


Eecrrosiac has come to the 
United States. Built in Belgium and available 
through Arcos Corp., Philadelphia, the equip- 
ment (Fig. 1) draws heavily from develop- 
ments and experience on the other side of the 
Iron Curtain —a principle pioneered and put to 
work by the Russians, and a wire feed control 
designed by the Czechs. 

Best applications for electroslag welding are 
in joining heavy plates over 1% in. thick with 
butt, T, and corner welds, and for surface rein- 
forcement. It has also proved useful in making 
circumferential welds. Here, the welding ap- 
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paratus is stationary and the cylinder being 
welded is rotated. Equipment is portable and 
automatic; it operates without interruption until 
the complete weld is finished in one pass. 
There is no lost time for repositioning the work- 
piece or for slag removal. 

With a single electrode, the equipment will 
deposit metal at the rate of 35 to 45 Ib. per hr. 
With three electrodes, the maximum deposition 
rate is 105 to 135 Ib. per hr. Table I compares 
submerged arc and electroslag welding speeds. 
Uninterrupted welding and high deposition rate 
mean man-hour savings on the job. 
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Sensing Element 


Fig. 2— Water Cooled Shoe. Two of these — one 
opposite the other —slide along the joint. Upper 
probe controls slag replenishment; sensing element 
regulates vertical movement of welding apparatus 


How It Works 


Welds are started in a U-shaped tab (see 
p. 120) tack welded at the bottom of the vertical 
joint. The U-tab, which serves as an extension 
of the joint, is removed later. An arc is struck, 
and its heat melts a small amount 
of flux between two shoes, which 
dam the liquid slag and metal. The 
transition from arc to “arcless” or 


sufficient flux has been melted to 
form a bath about 3% in. deep. Dur- 
ing welding this is built up to about 
11% in. 

In electroslag welding, the slag 
bath is heated to about 3500° F. as 
a result of its resistance to current 
flow. At this temperature, the slag 
melts the consumable electrode and 
adjacent edges of the parent metal. 
Liquid metal then collects in a pool 
beneath the slag bath. 

Except for the power transformer 
and relay cabinet, the entire welding 
apparatus moves vertically up an 
I-beam as welding progresses. Move- 


Welding Speed, in. per Hr. 
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ment is automatic and is controlled indirectly 
through a sensing element in the water cooled 
shoes (Fig. 2). The shoes not only confine the 
molten metal and slag to the joint but also con- 
tain probes which regulate vertical speed of the 
machine and depth of the slag bath. One ele- 
ment senses the conductivity of the slag film 
between the weld metal and the shoe. When the 
film cools so that it no longer conducts, it sets 
the travel mechanism in motion and the ma- 
chine is driven upward until the button contacts 
conductive slag. 

Another probe, higher up on the shoe, senses 
the slag height and indirectly regulates flux 
additions from an overhead hopper. Shoes are 
hinged vertically in two places to allow for some 
misalignment of the pieces being joined. Leak- 
age between the shoes and the workpiece is not 
excessive because of the self-sealing character- 
istics of the slag. When the weld has been com- 
pleted, its outer surface is covered with a layer 
of solidified slag about 1/16 in. thick. 

Temperature gradients in the slag bath are 
minimized by moving the electrode horizontally 
back and forth between the water cooled shoes 
with a short “dwell” period next to each shoe. 
Up to three electrodes can be used, depending 
on the plate thickness (Fig 3.). 

Important characteristics of the flux are its 
melting point, fluidity, and vapor pressure at 
the operating temperature. Slag must be fluid 
at the melting temperature of the wire elec- 
trode, but its melting point must not be too 
low; otherwise, excessive losses due to high 


Fig. 3 — Relation Between Plate Thickness and Electro- 
slag Welding Speed With Single and Multiwire Feed 
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vapor pressure result. Slag compositions are 
similar to those used in Russia (see p. 118). 

To make up for losses due to vaporization 
and leakage around the shoes, flux may be in- 
troduced in two ways. One method is to use 
a cored or composite electrode wire which con- 
tains about 5% by weight of flux. This may 
not supply all the make-up flux to account for 
losses, however, and additional flux is added 
automatically from the overhead hopper on sig- 
nal from the probe in the shoe. The alternative 
method is to replenish the slag by automatic ad- 
ditions from the overhead hopper alone. Arcos 
claims that much of the beneficial effect of de- 
oxidizers in the flux is lost when it is added to 
the top of the slag bath rather than being intro- 
duced as a part of the electrode wire. With 
composite wire, deoxidizing is more efficient 
and mechanical properties of the weld metal 
appear better. 

The solidification pattern of electroslag welds 
is quite similar to that of ingots. Macro-etched 
cross sections of mild steel and manganese- 
molybdenum steel deposits reveal coarse col- 
umnar grains which have grown toward the 
center of the weldment (Fig. 4). The central 
portion is fine grained. How this difference in 
grain size from edge to center affects mechani- 
cal properties is not certain. Tests indicate that 
strength and elongation of the two areas are 
similar but that impact strength at room tem- 
perature appears superior (about 50 ft-lb. com- 
pared with 25 ft-lb.) in the region of large 
grains. Typical mechanical properties of elec- 
troslag welds are given in Table II. 

X-ray quality of electroslag welds is excellent 


Table I — Comparison of Welding Rates 


PLATE MetHop 
THICKNESS | SUBMERGED ARC T ELECTROSLAG 
23/l6in. 1.5hr. per ft. | 0.25 hr. per ft. 
45/16 | 2.4 0.4% 
6 3/4 5.0 | 0.62* 


* Estimates based on experience with 3-in. plates. 


Table II — Properties of Electroslag Welds 


| ‘STEEL Mn-Mo 


Yield strength | 48,700 psi. 66,000 psi. 
Tensile strength 74,100 psi. 87,600 psi. 
Elongation in 2 in. 28% 19% 
Reduction in area 59% 43% 
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Fig. 4-— Vertical Cross Section Through the 
Top of an Electroslag Weld (Mn-Mo Steel). 
Macrograph shows the extent of slag pene- 
tration into the parent metal and typical ingot- 
like solidification pattern in the seam. 1.5 X 


because of the fluxing action of the slag which 
cleans out inclusions in the parent metal adja- 
cent to the joint and in the wire electrodes. 
Another favorable characteristic is the distribu- 
tion of residual stress. Weld surfaces are in 
compression and the center portion is in tension 
—an important point where fatigue is concerned. 


Operating Conditions 


Currently the standard wire size is ¥ in. di- 
ameter. Each wire electrode requires a separate 
power transformer. Welding is carried out at 
600 to 650 amp. with 45 to 55 volts. Under 
these conditions, the weld penetration into the 
base metal amounts to about 40% of the cross- 
sectional area of the weld. Generally, increases 
in voltage result in deeper penetration while 
increases in current give higher slag tempera- 
ture. In welding large sections, no difficulty 
has been experienced with warpage. Contrac- 
tion across the joint is small (about 3/16 in. with 
3-in. thick plates, for example) and is confined 
to the first 18 or so inches of the weld. Surface 
preparation of the joint is not critical and flame 
cutting to give a square edge on both plates is 
usually satisfactory. Surfaces on which the 
water cooled shoes ride may require light 
grinding to insure a satisfactory seal. 
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—— Peace by “Balance of Terror” 


Late in June, 1959, the Joint Committee of 
Congress on Atomic Energy heard expert testi- 
mony on the biological and environmental 
effects of a nuclear war. A Digest of the Testi- 
mony on Strategic Considerations has now been 
published by the Committee’s staff, based 
largely on testimony by Herman Kahn of the 
Center of International Studies of Princeton 
University. 

The “balance of terror” theory holds that a 
thermonuclear war would mean the certain and 
automatic annihilation of both the antagonists 
and that it might possibly mean the end of civi- 
lization. To some, this means that no sane man 
would initiate a war in which there could be no 
victor. Thus, it is said, the very violence of 
nuclear weapons will eliminate war entirely. 

There are also other major implications. If 
both sides can utterly destroy the other, prepa- 
rations to reduce casualties will be of no avail 
and there is no need to shoulder the financial 
burden of such preparations. Some people have 
carried this argument even further: that modern 
weapons are so enormously destructive that a 
very few of them would suffice to deter the 
enemy —much smaller deterrent forces than 
we now possess. 

A very similar debate apparently took place 
in the Soviet Union several years ago, but the 
view seems to have prevailed that military ex- 
penditures must take priority over consumers’ 
goods. Although thermonuclear war would be 
horrible in the extreme, other views held that 
it would not necessarily mean the total destruc- 
tion of both sides. In the hypothetical attack, 
about 30% of the American population would 
be killed, assuming that only very primitive 
measures existed to protect the general popu- 
lation. Studies by the Rand Corp. have indi- 
cated that with certain advance measures the 


United States might well be able to recover al- 
most completely from such a disaster in about 
10 years, not counting the genetic damage, 
which would amount to 1 to 2% of future gener- 
ations (which by itself would probably not be 
much of a deterrent to a determined enemy). 

The First-Strike Advantage — The attacker 
would have enormous advantages. He chooses 
the time and method of attack. The defender 
must strike back with a damaged force, in the 
teeth of a fully alerted defense, and against an 
enemy population that has taken at least mini- 
mum precautions. Thus, the view of one wit- 
ness was that adequate deterrence requires, 
first, a force that can absorb an enemy blow and 
still strike back with adequate strength and, 
second, certain minimum protection for the 
civilian population. 

Assuming that at present the Americans and 
Russians have sufficient atomic weapons and 
delivery systems to enforce a balance of terror, 
Russians and even NATO nations might be led 
to believe that the United States would not 
come to the aid of Europe, attacked on the 
ground by Russia, if Soviet atomic retaliation 
would kill a high proportion of all Americans. 
What level of casualties do they believe we 
would accept? To the extent that the Soviets 
believe we can keep our casualties to a level 
we would find acceptable, whatever that level 
may be, they will be deterred not only from 
attacking the United States directly, but also 
from very provocative aggressions, such as a 
ground attack on Europe. Otherwise not. 

“Active” deterrence is defined as the forces 
necessary to deter an enemy from engaging in 
military adventures short of a direct attack on 
the United States itself. How effective are 
nuclear weapons as an active deterrent? In 
pondering this question, it must be assumed 
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Here ts yust THE Book to recommend to a 
busy metallurgist (perhaps yourself or your 
boss ) interested in getting a glimpse of modern 
quality control and what it can do, but not 
wanting to get bogged down in formulas or 
details of computation. 

In these days of the team-approach to prob- 
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that, betore launching an extremely provocative 
adventure, the enemy would have alerted his 
own retaliatory forces and instituted protective 
measures for his population; thereby he might 
limit casualties to 10% of his population and 
one-third of his wealth. This is just about what 
Russia suffered in World War II, from which 
they had recovered by 1951. If the Soviets be- 
lieved that they could limit destruction to this 
extent and were also convinced that the United 
States had failed to take the measures to 
similarly limit destruction in the United States, 
they might well feel free to launch an aggressive 
attack. 

Relative Vulnerability— A clear advantage 
was attributed to the Soviet Union with respect 
to relative vulnerability. It has only 50 million 
people in its 135 largest cities, while 42 million 
Americans are concentrated in our 12 largest 
metropolitan areas, with 12 million in the New 
York area alone. Given the aggressor’s advan- 
tage of forewarning, the Soviet Union could 
evacuate 80% of the people from the target 
areas, leaving only 10 million persons in im- 
mediate danger. 

In the United States the situation is vastly 
different. Americans are almost totally unfamil- 
iar with what would be required of them under 
conditions of a possible nuclear war. There is 
no experience, such as the Soviet people have 
undergone, of having risen from the ruins of 
wartime destruction to a pinnacle of postwar 
power. Finally, there is no comprehensive pro- 
gram for protecting the American people in the 
event of a nuclear war. 

This is a lack which can prove very dangerous 
for the success of American and western policy 
against Communist aggression. For it is ap- 
parent from the testimony that the unreadiness 
of the American people to survive a nuclear 


war — well known both to the Russians and to 
our allies—can greatly undermine our capa- 
bility to resist Soviet “nuclear blackmail”. 

A very moderate shelter program, which 
would combine protection against fallout and 
some blast resistance, could reduce the expected 
casualties to approximately one-third of those 
who would die if there were no protection at 
all. A more extensive program, designed to 
protect persons in our urban areas, could re- 
duce the over-all fatalities of this attack from 
25% of the population to approximately 3%. 
Such measures are not terribly expensive. Fall- 
out shelters, which would go far toward saving 
the lives of the 60% of all Americans who do 
not live in or near target areas, constitute a 
measure which depends on simple tools and 
simple techniques. The lives of millions could 
be saved or lost by a simple choice. 

The burden of the testimony was that if such 
protective measures were taken, the impact of 
America’s ability to survive a nuclear war would 
be so great that the likelihood of such a war 
would be vastly reduced. On the other hand, 
our lack of a civil defense program could lead 
the Soviets to take a provocative step which we 
could not ignore, and a nuclear war would have 
started with no protection for the American 
people. Or, as a final paradox, the subcommit- 
tee was told that in a world of great tension 
the Soviets may be unable to believe that we 
would allow an aggressor to strike us first, 
which the theory of “massive retaliation” im- 
plies. The acceptance of such a military dis- 
advantage as a basis for our national policy 
may seem foolish to them. They may there- 
fore discount the sincerity of our position and 
expect instead that the United States actually 
intends to strike the first blow! A war which 
neither side wanted could thus break out. 


lems, it becomes increasingly important to keep 
abreast of the terminology in fields only 
slightly overlapping your own specialty. If 
you feel this need, this book is for you. The 
work is complete in scope from V to E. The 
first word in the book is “variation”. The last 
two words are “computing equipment”. This 
superficial summary, “from V to E”, is indeed 
based on a remarkably accurate sample! Well 
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told is the story of variation and of some of the 
tools that make up part of the equipment for 
dealing with the problems of variation. 

No ponderous tome is this bright essay which 
so well reflects the warm personality of the 
author. With swift broad strokes, the entire 
vista of applied statistics that has come to be 
known as quality control is spread before the 
reader, skillfully avoiding the details which so 
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often smother a spark of interest. The book 
can easily be read at one sitting. In fact, once 
it is begun, it is unlikely that the interested 
reader will want to lay it aside. 

This book is successful in accomplishing the 
purpose of the publisher implied in the subtitle, 
“an Introduction”. Its content is exactly what 
the title implies: A social introduction brings 
together two people, makes them aware of each 
other’s names, and perhaps a bit of their back- 
ground, They are then on their own, and some- 
times the introduction will ripen into a friendly 
acquaintance to each other’s mutual benefit. 

The reader becomes familiar with the names 
of various methods. The book is not what may 
be termed a cook book, or an easy reference for 
a quick do-it-yourself statistician. Such details, 
if desired, must be found elsewhere. Indeed 
this desire is anticipated by the adequate refer- 
ence list that comprises the last chapter. 

Among the applications are many of interest 
to metallurgists and other members, namely, 
jigs, fixtures, tools, dies, welding, heat treating, 
soldering, annealing and casting. 

Bacon designates three categories of books: 

“Some books are to be tasted, others to 
be swallowed, and some few to be chewed 

... If a man read little, he had need have 

much cunning to seem to know that he 

doth not.” 
Mr. Allan’s book easily falls in the first class 
because it is quite tasty. Its rapid style makes 
it easy to swallow whole; certainly the implica- 
tions of Chapter 8 may well be chewed and 
digested. 

Nearly everyone who has attempted to use 
factual information to support a conclusion has 
heard the comment, “Figures don't lie, but liars 
can figure.” The author suggests that this say- 
ing be restated thus: “Reliable figures don’t lie, 
but unreliable figures are worthless.” 

The statistical point of view is emphasized 
throughout. Six of the eight chapter titles con- 
tain the word “statistical.” The usual methods 
are discussed, including control charts, accept- 
ance sampling, and a bit on linear regression. 
None of the common methods is conspicuous 
either by its absence or by undue emphasis. 
Less than three (small) pages are devoted to 
the analysis of variance and design of experi- 
ments. The reader, however, is introduced to 
these terms so that if he should encounter them 
again, he will not be a total stranger and can 
pursue the acquaintance further if he desires. 
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This much is really all that can be expected of 
an introduction, and the book accomplishes its 
purpose very deftly. An introduction is in- 
tended to serve as an appetizer. The author 
stops just short of dulling the desire for meatier 
portions of the subject. 

Armed with this book, you will be able to 
converse intelligently with experts. If you 


follow the advice to hire a bright young man, 
you may even pose as an expert yourself and 
help to spread the message of Statistical Quality 
Control as so many have done before. 


Metals of High Purity 


Reviewed by E. E. THUM 


List or HicH Puriry METALS AVAIL- 
ABLE FROM AMERICAN PRODUCERS, com- 
piled by H. A. Wilhelm and R. E. 
McCarley, Offices of Technical Services, 
U.S. Department of Commerce, Wash- 
ington 25, D.C., 1958. 55 p., $1.50 


T uss ust was prepared by Ames Labora- 
tory for the U. S. Atomic Energy Commission 
and should be of the greatest value to research 
men studying alloying systems and the effect of 
impurities on the properties of pure metals. 
Some 51 companies in the United States and 
two in Canada list the analyses of their “pure” 
metals, the forms available, price and toxicity. 
(Sodium and mercury are unlisted; they are 
available in large quantity, sodium at 99.99% 
and mercury at 99.999%. ) 

Some of our fairly common metals are not 
now available in a high degree of purity; others 
are “six nines” or better. For example the best 
purity quoted in various classes are: 

99.0%: Ba, Be, Sr 

99.9%: Co, Fe, Li, Mn, Mo, Ni, K, W 

99.99%: Al, Cr, Pd, Rh 

99.999%: Au, Cu, Pb, Te, Sn 

99.9999%: Ag, Bi, Cd, In, Pb, Sb 

As another example, “pure” zinc is available 
from seven different firms with purities and 
prices ranging from 99.9997% at $20 per lb. to 
99.99% “Special High Grade” at $1.50. Prob- 
ably the present ultimate is transistor grade of 
silicon, containing “less than three atoms per 
billion of electrically active impurities” and 


costing $330 per Ib. 
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Short Runs 


_ Sizing Jig in Quench Cycle 


By E. C. BUCKINGHAM* 


some that require a liquid 
quench, there may be difficulty in obtaining 
uniform hardnesses and in meeting close toler- 
ances. This problem was recently encountered 
at Solar Aircraft Co. when they attempted to 
heat treat large compressor casings of A.LS.I. 
8630 steel. 

Though this steel had attractive fabricating 
characteristics and mechanical properties, non- 
uniform hardnesses and distortion during oil 
quenching made it difficult to make a service- 
able casing. To solve the problem, a heat treat- 
ing installation employing an internal sizing 
tool was designed. Figure 1 shows a diagram 
of the complete installation. The grid on which 
the part rests has a centering pin to locate 
the part accurately for final sizing during the 
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quenching cycle. To avoid thermal shock and 
distortion on heating, a separate preheat cham- 
ber is used. After inserting the work in this 
chamber, a time control preheating cycle is 
performed. Next, the grid is automatically 
transferred to the high heat chamber for a sec- 
ond controlled heating cycle before quenching. 

The quenching cycle consists of two distinct 
operations. First, the work is transferred to a 
preset point in the quenching chamber to posi- 
tion the part for the sizing tool. (This tool is 
shown in Fig. 2.) Once it is in position, setting 
of the tool and oil quenching take place simul- 
taneously. The entire process is over in less 
than 9 sec. 


*Industrial Div., Pacific Scientific Co., Los 
Angeles. 
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Water-Jacketed 
Preheating Chamber > High Heat Chamber > | / Cooling Chamber 


Door / ||| |Door / Sizing Tool 


/ 


/ Work 


/ er Access Door 


Quench 
Frame 


Pusher 
Mechanism 


Loading Table Floor Line 
Automatic 
Program Console 


Fig. 1 — Schematic Diagram of Furnace With Quenching Jig. 
Basically, the furnace consists of a preheating chamber, a cham- 
ber for austenitizing, a water-jacketed cooling chamber, and an 
oil quenching tank with an air cylinder at the top to actuate the 
sizing fixture. The entire operation is completely automatic 


The sizing tool, which is attached to an air tool retracts and returns to the original position 
cylinder located in the top of the discharge for the next part. Finally, the casing is trans- 
chamber, follows the part to the bottom of the ferred to the discharge rack which brings it out 
tank to insure accurate dimensions of the casing of the oil for draining and discharge. 
after quenching. After a preset time, the sizing The furnace is used with an assortment of 


Fig. 2 — Sizing Jig Being 
Removed From Quenched 
Part. Jig helps to main- 
tain correct dimensions 
and hardness during 
the quenching operation 
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sizing tools, each for a different part. By con- 
trolling preheat and quenching temperatures, 
furnace atmospheres, and the relative time 
cycles of each operation, Solar is able to main- 
tain extremely uniform metallurgical hardness 
and very close tolerances throughout the part. 


Preventing Magnesium Fires 


Wer vacuum systems which dampen and 
remove magnesium dust and chips virtually 
eliminate fire and explosion hazards in fine 
finishing. Incorporating vacuum principles 
(with modifications to include the use of water 
as a wetting agent), these systems help avoid 
dust accumulations. 

The need for proper safety precautions is 
illustrated by the experience of Arlington 
(Texas) Industries, Inc., which produces mag- 


Fig. 1 — Portable Vacuum Cleaner for Re- 
moving Magnesium Chips and Dust. Water 
wets the metal to reduce explosion hazard 
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nesium and aluminum castings. Its plant was 
wrecked by a disastrous magnesium dust fire 
which spread the entire length of the building 
in less than 30 sec. Loss was more than $100,- 
000. The company then purchased a 5-hp. 
Wetco-Vac portable vacuum cleaner from the 
U.S. Hoffman Machinery Corp., and has since 
had no trouble. Furthermore, production has 
been increased and costs lowered since less 
time and manpower are needed for efficient 
housekeeping. 

The Wetco-Vac has enough capacity to 
operate two 1%-in. I.D. cleaning lines at the 
same time. All hoses are heavy duty, rubber 
covered and static proof. Cleaning tools and 
accessories are nonferrous to minimize sparking. 

As magnesium dust is picked up in the hose, 
a dust separator with a capacity of 50 gal. of 
water wets and traps the material out of the 
air stream. Air and entrained material pass 
between a series of internal baffles above and 
below the water line. Mixing then thoroughly 
wets the collected materials with the nonsoluble 
portion settling to the bottom of the tank as 
sludge. This is removed periodically through 
a discharge valve. There are no internal moving 
parts, and all interior surfaces are accessible for 
inspection and cleaning. 

For complete safety, the separator is equipped 
with a 16-in. combination explosion release and 
inspection door, an 8-in. inspection door, and an 
8-in. glass porthole door as well as two 2-in. 
explosion vents. The Wetco-Vac can be oper- 
ated continuously for 8 to 10 hr. before the 
water supply needs to be renewed. Though 
magnesium reacts with water to form hydrogen, 
venting prevents formation of potentially dan- 
gerous hydrogen-air mixtures. 

The use of water as a precipitating medium 
keeps operating costs down and permits con- 
tinuous wet vacuuming in virtually every part 
of the plant. Water does not require filtering 
nor can it obstruct drainage. 

Motor, starting switch and electrical connec- 
tions comply with N.E.M.A. standards for use 
where explosive dust is present. The electric 
cable is provided with a grounding wire to pro- 
vide additional safety. 

The company now uses the Wetco-Vac con- 
stantly during working hours to make absolutely 
certain that magnesium dust does not accumu- 
late in any spot in the building where it could 
conceivably be a fire hazard. Sludge is removed 
and buried daily for complete safety. 
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Dip brazing 


Speeds Joining 


By E. G. Slotta* 


Brazixc aluminum microwave compo- 
nents of radar systems by hand torch is pains- 
takingly slow and expensive. Numerous joints 
must usually be brazed to make one part. Qual- 
ity is not uniform and overheating often results 
in rejection. Faced with these problems, en- 
gineers at Raytheon searched for a quicker 
method which would cut their production 
costs. The solution: Braze simultaneously all 
joints of a component in a salt bath. The new 
technique not only reduces the rate of rejection 
and improves part reliability, but it also does 
the job in one third the time for torch brazing. 

In the process, all pieces of the component 
are first thoroughly cleaned in an etch-type 
aluminum cleaner. Then they are assembled so 
that a filler alloy may be applied to each joint 
(Fig. 1). The assembly must be rigid enough 


to remain in alignment during subsequent pre- 


*General Superintendent, Manufacturing Div., 
Raytheon Co., Waltham, Mass. 
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Fig. 1 — Pieces of This Heat Exchanger Are 
Assembled in a Fixture (Right) Prior to Braz- 
ing. Part is self-supporting and does not require 
jigging during preheating and dip brazing 


heating and brazing operations. For this rea- 
son, as many components as possible are de- 
signed to be self-supporting when assembled 
loosely. If the pieces are not self jigging, they 
may be tack welded or held in specially de- 
signed fixtures of stainless steel until the joints 
have been brazed. The filler material, Alum-I- 
Braze (Handy and Harmon, New York), is ap- 
plied to each joint as a paste or in its original 
powder form during assembly. 

The component is then preheated to 950° F. 
for 5 to 35 min. Preheating minimizes tempera- 
ture fluctuations in the salt bath where the 
joints are brazed. 

Brazing is performed immediately after the 
preheat by dipping the entire assembly, includ- 
ing the stainless steel fixture if one is used, into 
a chloride-fluoride salt bath. Temperature is 
maintained at about 1080° F. depending on the 
alloy being brazed and the time required to flux 
the filler into each joint. 

Salts are highly corrosive and each brazed 
component must be thoroughly cleaned. For 
this purpose Raytheon uses acid solutions and 
hot and cold water rinsing. rs 
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Provides any needed quench velocity 
‘from nothing to NIAGARA’! 


beyond doubt...THE MOST 


VERSATILE QUENCH EVER BUILT! 


Here is isothermal quenching control that assures hitting your TTT curve requirements 
“on the nose”... every time . . . time after time . . . on practically any type of work; 


. . « that has handled all of the critical work shown above—and hundreds of 
other items besides; 


. . that provides the exact needed quench direction and velocity at the turn of 
a crank . . . and with available velocities far in excess of any quench 
previously obtainable; 


. . that does everything oil can do up to 400° F. and that can supply exact 
needed quench temperatures up to 750° F. without any fire hazard; 


. . that offers automatic water addition as an optional feature; 


. . that provides a completely automatic separating system to carry off drag- 
in salt, thus maintaining its exceptional quenching power. 


. . « and which, brings you all inherent salt bath advantages such as uniform 
hardness, elimination of quench cracks and negligible distortion. >t 


In short, wherever highly accurate, low cost quenching is a problem, chances are 10 to 
1 the Ajax Cataract Quench Furnace can solve it! 


AJAX C 


straightening operation on an intricately- 


cren} SALT BATH QUENCH shaped machine part. 


AJAX ELECTRIC COMPANY 310 Frankford Ave. Philadelphia 23, Pa, 
Circle 496 on Page 48-A 
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Dangerous Watches 
on the Loose 


The American Rolex Watch Corp. 
has asked our help in recovering 
several Rolex GMT-Master wrist 
watches of Swiss manufacture, fur- 
ther identified by the name “Oyster 
Perpetual” on the face. It appears 
_ that about 600 of these watches 
were made between October 1956 
and November 1959, and in some 
unknown manner an excess amount 
of radioactive material was used in 
the luminescent markings and num- 
erals — an amount sufficient to pre- 
sent a long-term health hazard to 
the wearer. All owners of such 
watches are urged to send them by 
registered mail to American Rolex 
Watch Corp., 580 Fifth Ave., New 
York 36, New York, where the face 
will be replaced and the watch re- 
turned promptly without charge. 


Discrepancies Caused 
by Conversion ? 


PirTsBURGH 


In the August 1954 issue of Metal 
Progress an article by Edward M. H. 
Lips and H. Van Zuilen entitled 
“Improved Hardening Technique” 
described a method for imparting to 
steel ultra high strength along with 


good ductility. An example was 
given of the mechanical properties 
attained for a chromium-nickel steel 
(4.5% Ni, 1.5% Cr, and 0.35% C). 

The authors of this article have 
since received a Canadian patent 
(No. 538783) for the process. 
Original application was made in 
January 1953. The patent also con- 
tains an example of the mechanical 
properties of the Cr-Ni steel men- 
tioned above. Strength values were 


reported in kilograms per square 
millimeter. 

The table below shows the me- 
chanical properties reported in the 
patent and in Metal Progress for 
both conventional heat treatment 
and the patented technique. This 
shows considerable difference be- 
tween the yield strengths in psi. 
converted from kg. per sq.mm. re- 
ported in the patent, and the values 
reported in psi. in Metal Progress. 


Comparison of Property Values 


CANADIAN PATENT 


METAL 


Ko. peR So.Mm. 


PROGRESS 
CONVERTED TO 


Properties When Conventionally Heat Treated 


Ultimate strength 193 
188 
133* 
145 
2% 


Yield strength (0.2%) 


Elongation 

Reduction in area 5.7% 
5.9 

C-56.6 

C-56.8 


Rockwell hardness 


275,000 
268,000 
189,000 | 295,000* 
206,000 — 


Properties Reported for ‘New Process 


Ultimate strength | 202 

201 

235 

Yield strength (0.2%) 180+ 

Elongation 

12.85 

Reduction in area 

37.6 

32.7 
C-58 

C-59.5 

C-59.6 


Rockwell hardness 


11.15% 


42.1% 


288,000 
286,000 
335,000 
256,000 


*133 kg. =294 Ib. 


+180 kg. =397 lb. 
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waste is evident, 


Drop Hamener ‘operation resulted in ‘Radial canes Forming prior to Drop Ham 
reduced 


Finished park 


The ilhistrated thanium part was not only expensive to my 
by old methods, because of metal, dishortion, the part 
reject loss was tremendous: By STRETCH RELIEVING the 
titanium, using a Bath Radial Draw Formegppart rejects were 
practically eliminated. inshort, a methed.of forming shapes 
that keep their shape... even after he: 
.. Send for the plant facilities folder. it illustrates 
bath, the standard Porm 32340 AURORA ROAD SOLON, 
plus a completely new series of HIGH SPEED JCATEO IN TRE GREATER CLEVE . 
int Beading Sedive 


Brakes « Epetiv 
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UNIFORM! THERMAL SHOCK RESISTANT! 


Manite or Zirco Ceramics! For service up to 


3,000° F! Excellent cycling qualities! Maximum : 4 
strength and sag resistance! Order from your a 
scientific laboratory supply house! 4 


Write for information today! 


CERAMICS REFRACTORY PORCELAIN COMPANY 
BEAVER FALLS . PENNSYLVANIA 
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The other three properties, elonga- 
tion, reduction in area and hardness, 
are almost identical in the two pub- 
lications. The ultimate strength of 
the steel was not reported in Metal 
Progress for either method of hard- 
ening. The footnote to the table 
shows that, if kilograms are con- 
verted to pounds (rather than kg. 
per sq.mm. to psi.), the figures for 
yield strength in the Canadian pat- 
ent for both the conventional and 
new processes are quite similar to 
those in Metal Progress, except that 
the former are three orders of 
magnitude smaller. One wonders 
whether a mistake was not made in 
conversion of the values reported in 
Metal Progress.* 

The results reported by Lips and 
Van Zuilen have stimulated consider- 
able work in attempts to verify their 
findings. There seems little doubt 
that the new technique is capable 
of imparting properties on the order 
which they report. However, in the 
light of work currently being con- 
ducted in this field, the results of 
the work carried out by Lips and 
Van Zuilen should be clarified. 

W. L. STEINBRENNER 
Graham Research Laboratory 
Jones & Laughlin Steel Corp. 


Bigger, Better and 
Sounder Forgings 


SHEFFIELD, ENGLAND 


As _ steelmakers who have pro- 
duced many large rotor shafts, we 
at Thos. Firth & John Brown, Ltd., 
are very interested in the work car- 
ried out in the United States aimed 
at increasing the resistance of large 
forgings to brittle fracture; the two 
recent articles} by E. E. Thum, 
Editor-in-Chief of Metal Progress, 
constitute a useful summary of this 
work. There is no doubt that much 
has been achieved by cooperation 
between the American generator 
manufacturers and steelmakers in 
improving the quality of these large 
forgings. 


*EpIToR’s NOTE — Unfortunately, 
the original manuscript is no longer 
in existence and cannot be checked. 

#“Bigger, Better and Sounder 
Forgings”, by Ernest E. Thum, 
Metal Progress, August 1959, p. 103 
and September 1959, p. 121. 
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d Low TEMPERATURE SILVER BRAZING ALLOY 


SILVALOY BRAZING SAFEGUARDS JOINT STRENGTH OF RYAN CRYOGENIC VESSELS 


The liquefied gas storage vessels manufactured by Ryan Indus- 
tries, Inc., foremost manufacturer in this field, are subject to 
pressures to 500 p.s.i. — temperatures to minus 320°F. and 
vacuum less than 10 microns absolute pressure. The joints in 
the “plumbing and valving’’ of these vessels must safely with- 
stand the extremes in temperature and pressures encountered 
in the storage and transfer of liquefied gases. 

Ryan Industries depends upon Silvaloy Brazing Alloys and 


Fluxes to provide the necessary extra strength and leakproof 
characteristics required in joining valves, regulators, filters, 
thermometers, gauges, level indicators and fittings in the con- 
trol cabinet. The quality of Ryan products is insured — with 
Silvaloy joints—as strong as or stronger than the parent metals. 
Silvaloy Brazing Alloys and Fluxes are helping to speed pro- 
duction, lower costs and improve results in many fields. Call 


your nearest Silvaloy Distributor for information or assistance. 


RYAN INDUSTRIES, INC. 


of Cleveland, Ohio, manufacture liquefied gas storage vessels 
ranging in capacity from 3000 to 1,500,000 standard cubic feet. 


Two complete reference manuals 
for low-temperature silver brazing 


SILVALOY and fluxing are available upon re- 


A.B.C. METALS CORRORATION 
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it’s significant that 
COMMERCIAL HEAT-TREATERS 


like METALLURGICAL PROCESSING CORP. 


...are the most 


ENTHUSIASTIC 
operators of the NEW 


CARBON 
POTENTIAL 
CONTROLLER 


Yes, commercial heat-treaters 

. . men who depend wholly 
on the cost-efficiency of their 
equipment and the competitive high quality of their work . . . have 
been among the first to see the unique advantages of this entirely 
fresh approach to Carbon Potential Control. “The finest thing of 
its kind and a really practical, dependable solution to the problem.” 
says Mr. Louis Perlman, President of Metallurgical Processing Corp. 


Other heat-treaters and heat-treating department heads agree. Here 
is a relatively simple, fully engineered system that works. 


U. S. Patent No. 2,818,246 (Kappel) 


THESE OUTSTANDING ADVANTAGES CAN BE YOURS TO ENJOY, TOO! 
Measures carbon potential of gas continuously by an 
entirely NEW method. 


Once properly adjusted to furnaces and gas generators, 
the control action is precise and dependable. 


Requires a minimum of attention . . . does not call for 
specially trained operators. 
Permits far more uniform control of furnace atmospheres 
and hence results in more uniform, clean, high-quality work. 


For further information write to the Rolock Engineering Department. 


ROLOCK INC., 1222 KINGS HIGHWAY, FAIRFIELD, CONN. 
Circle 527 on Page 48-A 
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Of sets made by British generator 
manufacturers there has, in recent 
years, been no failure which could 
be attributed to a deficiency of the 
rotor forgings. Two failures have 
been caused by nonmagnetic end 
bells and two have been caused by 
excessive overspeeding. * 

The task set the forgemaster in 
Great Britain is perhaps a _ little 
easier than that of his American 
counterpart. The use of 3000-rpm. 
machines gives lower stresses than 
your 3600-rpm. machines. In addi- 
tion, our forgings have not been 
quite so large as some of those in the 
United States. Both these factors 
reduce the stresses imposed on the 
rotor in operation. 

As regards hairline cracks — which 
seem to have been mainly responsi- 
ble for the failure of the Arizona and 
Ridgeland forgings — we are again 
in an easier position in that all the 
larger rotors are made from acid 
openhearth steel which is definitely 
less susceptible than basic electric, so 
that it is still possible by a diffusion 
heat treatment to reduce the hydro- 
gen even in large rotors to a level 
which gives immunity from hairline 
cracking without using astronomical 
treatment times. 

In one or two instances where 
comparisons have been possible, we 
have noted that our treatment times 
for forgings made from openhearth 
steel have been considerably longer 
than those used in the United States 
for basic electric forgings. Because 
of this (coupled with rigorous super- 
sonic inspection), we have had very 
little trouble with hairline cracks in 
rotor forgings. However, the ad- 
vent of vacuum casting in the United 
States has largely solved the prob- 
lem of producing large forgings of 
electric steel free from hairline 
cracks. We might perhaps mention 
that, at the works with which the 
authors are associated, the use of a 
high proportion of basic electric 
scrap enables reasonably low sulphur 
and phosphorus contents to be ob- 
tained in our acid openhearth steel. 

While we do not produce rotor 
shafts to exactly the same chemical 
compositions as those quoted by Mr. 
Thum, the tensile ductility of acid 
openhearth air-cast and unaged 3% 


*See Metal Progress, July, 1956, 
p. 65 and December 1958, p. 114. 
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To maintain close 
tolerances and 
uniform hardness 
... With an alloy 
requiring special 
liquid quench 


specially | DESIGNED | to operate internal sizing tool 


I n manufacturing compressor casings, Solar Aircraft encountered 


a serious problem quenching AISI Type 8630 steel. Oil quench- 
ing caused non-uniform hardness and distortion, making it ex- 
tremely difficult to meet very close tolerances. 


The problem was solved with a Pacific Scientific furnace that 
inserts a sizing tool into the casing during the quenching cycle. 


Operation is fully automatic. The operator puts the work on the 
loading table and the furnace takes over. Work moves into a 
pre-heating chamber first to prevent thermal shock and distortion. 
After a pre-set time, it moves into a high heat chamber. From 
there it moves into the quenching chamber where the sizing tool 
is set and the work quenched in one operation. The entire quench- 


ing cycle takes less than 9 seconds! SIZING TOOL — is attached to air cylinder 

By automatic control of temperatures, atmosphere and relative to of 

time cycles of each operation, Solar maintains extremely uniform quench tank and thus insure accurate dimen- 
e = sions of casing after quenching. 

hardness throughout, and the very close tolerances required are 

held without further sizing! 


This special furnace is one of many automatic furnaces designed 
and built by Pacific. If your requirements call for a special furnace 


such as this, or a standard design furnace, Pacific can be of service Suton reactor temperature cantons system 
to you. For specific information call or write Pacific Scientific SS ng chambers insure 
, any ay! Automatic program control insures identical 
Comp amy today heating cycles from load to load 
Various sizing tools may be used to operate with 
different parts 
Uniform temperatures to +7°F 


| FEATURES INCLUDE: 


* TRADE MARK 
GAS OR ELECTRIC INDUSTRIAL HEAT TREATING EQUIPMENT 


E PACIFIC SCIENTIFIC COMPANY . P. 0. Box 22019, Los Angeles 22, Calif. 
Paris [)Please send me in- Please send me [] Please send me a copy of 
: ACIFIC $C NTC COMPAN formation on custom your FREE Brazing ur new catalog and ull 
en designed furnaces Catalog nformation on Pacific 

Heat Treating Equipmen 


+ 


AMGELES 
SAN FRANCISCO 


CREATIVE DEVELOPMENT ORT 
AND MANUFACTURING EME 
IN FURNACE DESIGN SAM 


Address 
City Zone___ State 
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For almost every 
hardness testing requirement 


There’s a Wilson Rockwell” 
instrument to do the job 


Wilson “Rockwell” Hardness Test- Wilson ‘‘Brale” 
ers can help make your products Diamond Penetrators 


better, stronger, longer lasting. 
They give reliable results on the give Perfect Readings 


production line, in laboratories, in A perfect diamond pen- 
tool rooms, and in inspection de- | etrator is essential to 
partments. They’re as easy to use | accurate testing. Only 
as a center punch, as durable as a flawless diamonds are 
machine tool, as sensitive and ac- used with Wilson 
curate asa precision balance. That’s | “Brale” penetrators. 
why Wilson “Rockwell” is recog- | Each diamond is cut to 
nized as the world’s standard of an exact shape. Micro- 
hardness testing accuracy. scopic inspection and a 
comparator check of each dia- 
Write for Catalog RT-58. mond—one by one—assure you 
It gives complete details on of accurate hardness testing 
the full line of Wilson hard- every time. 

ness testing equipment. 


HARDNESS TESTER 
for most hardness 
testing functions 


TWINTESTER 
combines functions 
of “Rockwell” and 
“Rockwell” 
Superficial Testers 


SUPERFICIAL TESTER 
for extremely shallow 
indentations 


AUTOMATIC—semi and fully automatic 
models for automatically 
pieces at rates to 1,000 pieces per hour 


WILSON 
HARDNESS TESTERS “<° 


Wilson Mechanical Instrument Division 


American Chain & Cable Company, Inc. 
230-F Park Avenue, New York 17, New York 
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Cr-Mo are comparable, for a similar 
tensile strength, with the published 
figures on vacuum-cast, basic electric 
Ni-Mo-V, for example, 22% elonga- 
tion and 54% reduction in area for 
the former and 20 to 22% elonga- 
tion and 50 to 55% reduction in 
area for the latter. 

We have also followed with in- 
terest the introduction of the vacuum 
casting process, as well as various 
other details of practice intended to 
eliminate hairline cracks and im- 
prove other properties. We agree 
that under the particular circum- 
stances existing in America — namely, 
large forgings in basic electric steel 
—it was the wisest course to adopt 
for the reason mentioned above, 
namely, the avoidance of very long 
heat treatments to remove hydrogen. 
We should like to emphasize the 
point already expressed above that 
good rotor shafts can be, and are 
being, made without using vacuum 
casting techniques, though we agree 
that vacuum casting is of consider- 
able help. 

The General Electric Co. is to be 
congratulated on the work connected 
with the spinning of disks and in 
bringing out the importance of tran- 
sition temperature on a more prac- 
tical basis than the conventional 
impact test. The results they have 
obtained do emphasize the need for 
low transition temperatures, but 
probably more so, emphasize the 
necessity for avoiding notches both 
in the design and as steelmaking, 
forging or manufacturing defects. 
While not attempting to underrate 
the importance of transition tem- 
perature as a significant property in 
rotor shafts, we feel that there are 
definite limits (for various reasons) 
to what can be achieved in this di- 
rection which may be insufficient to 
avoid failure if the right sort of notch 
is present in the right place. If 
this is so, then the avoidance of 
notches of all types assumes even 
greater importance, and the work 
projected at Schenectady is very 
relevant. 

On the matter of transition tem- 
peratures, investigations both in the 
United States and in this country 
have shown that the transition tem- 
perature is lowered by reducing the 
tensile strength ( by tempering), 
reducing the grain size, and by tak- 
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Heat treatment of metals 
can fit modern production methods 


Metal products manufacturers needs for modern 
material handling to cut production costs and to 
improve control over heating and cooling cycles in 
metal heat treatment are being met by Despatch 
engineers. Illustrated here are several furnace de- 
signs that mechanize loading and unloading. Modern 
instrumentation provides automatic cycling, even for 
complex program controls. 

Small quantity production and quick change-over 
has been considered in developing some furnace sys- 
tems. These have proved popular in certain produc- 
tion programs. 

Despatch has developed both mechanical and 
hydraulic systems for various furnace functions to 
achieve the lowest cost with maximum efficiency . . . 
also other innovations to improve heat treating pro- 
duction up to maximum temperatures of 1350° F. 
For your modernization program in heat treatment 
of metals—write Despatch. 


Our engineers will provide 
many valuable suggestions. DESPATCH 


WEN 


DESPATCH OVEN COMPANY 
611-8th Street S.E. 
Minneapolis, Minnesota 
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For top economy in oil-water lubricants 


ask Oakite 


OVER 50 YEARS CLEANING EXPERIENCE « OVER 250 SERVICE MEN « OVER 160 MATERIALS 


Oakite Formula 59 cutting solution 
fights rancidity ... lasts longer 


Most soluble oil cutting solutions are thrown out before 
they’re worn out. When they turn so rancid that operators 
can’t stand the smell, they’re replaced. Understandable... 
and wasteful. But using Oakite 59 is far more economical. 
It resists rancidity, lasts far longer—especially in summer, 
helps protect workers from infection, cuts cost. | 

How well does it lubricate? Specially formulated from 
paraffin crude, it forms a stable, uniform emulsion in water 
for excellent lubrication, good cooling, corrosion protection 
for work and machine alike. 

One of a line of Oakite lubricants for machining and 
forming, Oakite Formula 59 is a specialized material—as all 
Oakite products are. Ask the Oakite man about those designed 
for your operations, your products. And send for Bulletin 
A-9864. Oakite Products, Inc., 34E Rector Street, New 
York 6, N. Y. 


it PAYS to ask Oakite 


OAKITE. 


‘years’ leadership in industrial cleaning 
Circle 529 on Page 48-A 
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ing steps to obtain a low-temperature 
transformation product (increased 
hardenability or faster cooling rates). 
Thus, after tempering to the same 
tensile strength, martensite has the 
lowest transition temperature, bain- 
ite next, with pearlite highest. 

Of these factors, the tensile 
strength is usually determined by 
the designer, but it might be pointed 
out that the work carried out in 
Schenectady and indicated in Fig. 
10 of Mr. Thum’s paper suggests 
there may be an optimum tensile 
strength, higher and lower tensile 
strengths actually resulting in a 
weaker rotor shaft. 

The usual American steel, 
Ni-Mo-V, gives a fine grain size but 
has an inferior transformation prod- 
uct, this being part ferrite part bain- 
ite. One of the favorite British rotor 
steels, 3% Cr-Mo, gives a wholly 
bainitic transformation product but, 
with the rather high austenitizing 
temperatures required to dissolve 
alloy carbides, has a coarser grain 
size. On balance, fairly similar tran- 
sition temperatures are obtained. For 
large alternators, the Ni-Mo-V com- 
position has been found to have 
better magnetic properties. 

H. W. Kirxsy, Director 
F. W. Jones, Manager 
Brown-Firth Research Laboratories 


What Is a Metallurgist ? 


BLACKSBURG, VA. 

From time to time you have pub- 
lished definitions of metallurgy in 
Metal Progress. 1 would like to sub- 
mit something which is not a defini- 
tion of metallurgy but is a definition 
of a metallurgist. I picked it up 
recently in a book entitled “Occupa- 
tions and Careers”, by Walter James 
Greenleaf, specialist, Guidance and 
Student Personnel Section, U.S. 
Office of Education. On p. 472 the 
following definition of a metallurgist 
is given: “The metallurgist is a 
professional engineer who analyses 
ores.” The book ‘is published by 
McGraw-Hill Book Co. with a copy- 
right date of 1955 and Library of 
Congress Card 54-62116. 

Joun F. Ecker 
Head, Department of 


Metallurgical Engineering 
Virginia Polytechnic Institute 
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THE WATERBU 
DIVISION OF TEXTRON INC. 
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S. L. Hoyt 


Sam L. Hoyt @ (formerly head 
of research for A. O. Smith Corp. of 
Milwaukee, and long-time supervisor 
of welding research at Battelle Me- 
morial Institute) has been appointed 
staff representative in Europe of the 
Department of Defense’s Research 
and Engineering Department. His 
mission is to advise and consult with 
responsible men in NATO countries 
on current metallurgical problems of 
basic and applied research. His 
headquarters are in Frankfurt am 
Main, Germany, but his official mail- 
ing address is Army Research and 
Development Liaison Group (9851- 
DO), Army Post Office 757, c/o 
Postmaster, New York City. 


A. R. Fairchild @— from senior 
staff metallurgist, Western Electric 
Co., Winston-Salem, N.C., to depart- 
ment chief, manufacturing develop- 
ment section. 


Gordon M. Doherty @ — to Mil- 
waukee district sales manager for 
Columbia Tool Steel Co., Chicago 
Heights, Il. 
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John A. Nelson 


Joun A. Netson @ has retired as 
vice-president in charge of research 
and metallurgy of the Braeburn Al- 
loy Steel Corp. in Braeburn, Pa., 
following 33 years of service. Com- 
ing to Braeburn in 1926 as chief 
metallurgist, he became one of the 
pioneers in the development of the 
general extrusion die steels and con- 
tributed strongly to his company’s 
prominence in that field. 

After graduating from the Uni- 
versity of Wisconsin in 1912 with a 
bachelor of arts degree in both 
chemistry and physical metallurgy, 
his first experience in industry was 
as an analytical and research chem- 
ist at the Brotherton Iron Mining 
Co. in Wakefield, Mich., and the 
American Steel & Wire Co. in Cleve- 
land. Joining Barber-Coleman Co. 
as assistant chief metallurgist in 
1915, he left soon after to serve two 
years in the U.S. Army (including a 
year of duty overseas in France). 
He returned to the company after 
his discharge and in 1921 was 
named chief metallurgist. During 


his stay at Barber-Colman, he joined 
with other metallurgists in the area 
to found the Rockford Chapter @. 
Interested in many technical or- 
ganizations, Mr. Nelson has been a 
member of the Tool Steel Commit- 
tee of the American Iron and Steel 
Institute for the past ten years. 
Braeburn has named C. T. Fletch- 
er © chief metallurgist to succeed 
Mr. Nelson. 


James F. Murdock @ — from Vir- 
ginia Polytechnic Institute to the 
staff of the Oak Ridge National Lab- 
oratory, Oak Ridge, Tenn. 


Sumio Yukawa & — to supervisor, 
applied metallurgical research, ma- 
terials and processes laboratory, in 
the large steam turbine-generator 
department of General Electric Co., 
Schenectady, N.Y. 


Robert Steiner  — to Midwest 
sales engineer for the research chem- 
icals and isotopes specialties divi- 
sions of Nuclear Corp. of America, 
Burbank, Calif., with headquarters 
in Chicago. 


A. R. MacVittie & — from super- 
intendent of special alloys, Alloy 
Works, Union Carbide Metals Co., 
to executive engineer of the Alloy 
Works. 


Gurdon M. Butler, Jr. @ — from 
manager of engineering research for 
the Carborundum Co., Niagara Falls, 
N. Y., to director of research, Glad- 
ding, McBean & Co., Los Angeles. 


Rand R. Hogan southern 
district sales manager, Kaiser Steel 
Corp., Oakland, Calif., to the newly 
created post of manager of sales de- 
velopment in the company’s home 
office. 
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CASTINGS FOR 


A igh Temperatu ve 
SERVICE 


HEAT AND CORROSION 


At high tempe etures Fahrite cast 
ing's high strength defies thermal 
shock . . . delivers first-class per- 
formance. Why net send us your re- 
quirernents feday? Our engineers 
can design end produce Fahrite cast- 
ings with ell the proper character- 
istics. A few of the many types made —S 
by Chio Steel: P 


Retoris 
Fixtures 
Rails and Rollers 


Centrifugally Cast Tales 


THE OHIO STEEL FOUNDRY CO. 


Plants at Springfield and Lima, Ohio SPRINGFIEL D, OHIO 
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Motor cases for a 24-foot missile go into this gantry- 
type furnace at Lindberg Steel Treating Company... 


«++ and come out of these quench tanks at uniform hardness. 


To get uniform quenching of 24-foot work loads 
Lindberg chose LIGHTNIN Mixers 


The two turbine-type mixers circulate 240,000 pounds of molten salt at 400 
to 1000° F over four radiant heating and cooling tubes and through the work 
load in the 25-foot-deep bath. 

Controlled circulation insures complete transformation and promotes uni- 
form hardness depth when quenching a work load as large as 80” in diameter 
by 288” long, weighing as much as 6000 pounds. 

Installed close to the batch surface and exposed to high temperatures, each 
15-hp mixer has built-in provision for water-cooling the hollow upper shaft, 
thus minimizing the temperature of the reducer and shaft bearing areas. 

LIGHTNIN Mixers are made in sizes from 1 to 500 hp for new or existing 
quench tanks—for use with any quenchant, any type of immersion quenching, 
pieces of any size, shape, quantity. They are recommended by leading steel 
producers, used as standard equipment by leading furnace manufacturers. 
For complete information, call your nearest LIGHTNIN Mixer representative 
(listed in Thomas’ Register) or write us. 


Mixers 


MIXCO fluid mixing specialists 


MIXING EQUIPMENT Co., Inc., 171-bMt. Read Blvd., Rochester 3, N. Y. 


In Canada: Greey Mixing Equipment, Ltd., 100 Miranda Ave., Toronto 19, Ont. 
Circle 530 on Page 48-A 
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A. L. Hodge @-—to associate 
manager, development, gas processes 
(metallurgy), Newark (N.J.) De- 
velopment Laboratory, Linde Co., 
division of Union Carbide Corp. 


Maurice Mead @ — to sales repre- 
sentative in the Detroit sales district 
for Universal-Cyclops Steel Corp., 
Bridgeville, Pa. 


Howard B. Myers @, in charge of 
metallurgical sales, Tennessee Prod- 
ucts and Chemical Corp., Nashville, 
Tenn. — elected a vice-president of 
the company. 


John P. Denny & — from special- 
ist in physical metallurgy, general 
engineering laboratories, General 
Electric Co., to project supervisor, 
physical metallurgy, technical divi- 
sion, Beryllium Corp., Reading, Pa. 


Robert D. Pehlke @ — appointed 
assistant professor of chemical engi- 
neering, department of chemical 
and metallurgical engineering, Uni- 
versity of Michigan. 


Richard P. Simmons from 
manager of processing for Titanium 
Metals Corp. of America to manager 
of quality control for Latrobe Steel 
Co., Latrobe, Pa. 


Joseph F. Krepley @ — from as- 
sistant production manager to ex- 
trusion product manager, Metals 
Div., Olin Mathieson Chemical 
Corp., New York. 


Dudley M. Hewette @ — from the 
University of Tennessee to Oak 
Ridge National Laboratory, Oak 
Ridge, Tenn. 


Charles C. Dick @-— from chief 
metallurgist, Cletrac Div., Oliver 
Corp., to chief metallurgist of the 
Lakeside Steel Improvement Co., 
Cleveland. 


H. Robert Chase @ — to district 
salesman representing the Metals 
Div., Kelsey-Hayes Co., New Hart- 
ford, N. Y., in western Pennsylvania, 
Ohio, West Virginia, Kentucky and 
eastern Michigan, with headquarters 
in Cleveland. 


John V. Houston, Jr., @-—to 
assistant manager of West Coast 
sales and development for Climax 
Molybdenum Co., a division of 
American Metal Climax, Inc., with 
headquarters in Los Angeles. 
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stop temperature variations 
in high density loads with 


SURFACE POWER 


Exceptional uniformity and speed of heat treating, regardless of load 
density, help make a consistent profit-maker of this mechanized line 
of Surface batch-type furnaces at The Milwaukee Gear Company. 
Because of Surface Power Convection, Milwaukee Gear has much 
greater metallurgical control and uniformity of product than ever 
. before. High-velocity wind penetrates the tightest loads; assures uni- 
form heat transfer whatever the size, shape, or alloy of the work. 
Carburizing case depths are hit right on the button which vary 
. from a few thousandths to *i6 of an inch. This unusually flexible stand- 
ard rated furnace line consists of two Super Allcase® furnaces, a hori- 
zontal draw furnace, spray washer, DX® and RX® gas generators, 
and Autocarb® signalling dewpoint controller. 
Surface Power Convection cuts cycle times to a fraction. 
These advantages only suggest the profitability of Surface Power 
Convection. Ask your Surface representative to describe the most 
important development in convection heat transfer in 20 years. 
Write for Bulletin SC-182. 


SURFACE COMBUSTION - 2377 Dorr Street, Toledo 1, O. 
A DIVISION OF MIDLAND-ROSS CORPORATION 


In Canada: Surface Industrial Furnaces, Ltd., Toronto, Ontario 
Circle 501 on Page 48-A 
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Del Steigerwald @ and Jack 
Heimforth @ — from Harshaw Scien- 
tific Div., Harshaw Chemical Co., 
to the board of directors, Bardel, 
Inc., Cleveland, responsible for ex- 
panding sales in the Michigan- 
Indiana area with offices in Detroit. 


TYLER 4-5760 


43 Years Of Engineering Leadership 


James F, Schumar @ — from asso- 
ciate director, metallurgy depart- 
ment, Argonne National Laboratory, 
Lemont, IIl., to. chairman, metal- 
lurgy department, John Jay Hopkins 
Laboratory, General Atomics Div., 
General Dynamics Corp., located in 
San Diego, Calif. 


Henry A. Tobey @-— from gen- 
eral factory manager, Canton and 
Gambrinus, Ohio, bearing factories 
of Timken Roller Bearing Co., to 
vice-president in charge of manufac- 
turing, Bearing and Rock Bit Div. 


Charles M. White @, chairman of 
the board and chief executive officer, 
Republic Steel Corp. — awarded the 
Benjamin F. Fairless Award of 
A.1.M.E. 


Alan C. Mattison @, president, 
Mattison Machine Works, Rockford, 
Ill. — elected president of the Na- 
tional Machine Tool Builders’ Assoc. 


WMALLEABLE 
STAINLESS 


DETROIT 10, MICHIGAN 


ALUMINUM 


HOLCROFT) 


€OPPER 


6545 EPWORTH BLVD. 


Eric R. Jette @— from director 
of research for Union Carbide Re- 
search Institute, New York, to staff 
consultant to research administra- 
tion for Union Carbide Corp. 


James A. Hudson @ — from mid- 
western manager of gas products 
sales, Linde Co., New York, a divi- 
sion of Union Carbide Corp., to 
western sales manager of bulk gas 
sales. 


Richard A. Flinn @, professor of 
metallurgical engineering, University 
of Michigan — granted sabbatical 
leave for the 1960-61 second semes- 
ter to revise two textbooks. 


Roger E. Waindle @, president of 
Waimet Alloys Co., Dearborn, Mich. 
—named vice-president, Technical 
Div., Investment Casting Institute. 


Lawrence M. Van Vlack @, pro- 
fessor of materials engineering, Uni- 
versity of Michigan — granted a sab- 
batical leave for the 1960-61 first 
semester to study solid-state proper- 
ties of ceramic materials and high- 
temperature ceramic-metal reactions. 


Creating 


Equipment 


Any of These Types: 
Batch © Conveyor Rotary Car Type Shaker Hearth 


Roller Type Walking Beam 
© Forging Hardening e Normaliizing 


Sintering © Tempering 


Annealing © Brazing @ Carburizing © Carbo-Nitriding 


For Any of These Processes: : 
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a 
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CAMBRIDGE METAL-MESH BELTS give you a 
the low-cost, continuous production you hs 
need to beat competition in the ’60’s! 


Metal products of all types move through 
sintering, brazing, annealing, quenching, 
washing or hardening operations faster 
and without costly manual handling. Uni- 
formity is high because heat, gases or 
liquids flow through the belt and around 
the product for thorough treatment. 


Superior belt design and manufacturing 
techniques save on operating cost, too, 
by giving longer belt life, fewer repairs. 
Belts can be made heatproof, coldproof, 
corrosion resistant-—in any mesh, weave, 
metal or alloy-—with any side or surface 
attachments. 
Call your Cambridge Field Engineer 9 {= 
now. He'll be glad to discuss any % tetas 
pect of Cambridge Belts—from 
manufacture to installation and | converes | 
service. Look in the Yellow Pages | Ts 
under “Belting, Mechanical". Or, 
write for FREE 130-PAGE REFER- 
ENCE MANUAL. 


The Cambridge 
“( Wire Cloth Co. 


Department B e Cambridge 2, Md. 


Manufacturers of Wire Cloth, 
Metal-Mesh Conveyor Belts, Wire Cloth Fabrications 


= 
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Gets closer tolerances, finer finishes, trims cutting oil cost 


MAKES THINGS 


“We've reduced our average annual cutting oil bill 50% 
—and still hold closer tolerances and get finer finishes 
on a wide variety of precision machining jobs. We 
achieved this by using one cutting oil—Gulfcut 41C— 
which doubles as a lubricant for the working parts in 
our screw machines—and by using a special filtering 
system recommended by Gulf engineers.” 

So reports John R. Scott, Jr., General Foreman in the 
Production Department of Nippert Electric Products 
Company, Columbus, Ohio. Their screw machine de- 
partment turns out precision-made steel cores, vee rings 
and lock nuts for the Nippert custom commutators and 
slip rings serving a wide range of industries. 


Nippert operates four Acme-Gridley six-spindle auto- 
matics, a five-spindle Warner & Swasey, and a single 
spindle No. 4 Brown & Sharpe for machining these 
parts. Among the materials machined are Ledloy, leaded 
C-1116, leaded C-1117 and leaded C-1036. Regular brass 
is also used for supersonic missile parts. 

“Reliable operation at higher temperatures, higher 
speeds, greater altitudes—these are the demands made 
on our Nippert commutators,” says Mr. Scott. “This in 
turn means tighter specifications for the machined parts 
—closer tolerances, finer finishes—and we're getting 
them with Gulfcut 41C. We also have the added economy 
of using this same oil to lubricate the machines.” 
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with Gulfcut... 


RUN BETT 


In view of this dual use of Gulfcut 41C, Gulf recom- 
mended a magnetic filter coupled with a porous bronze 
filter. This system screens out solids to one micron, ac- 
cording to Otis E. Jeffries, Screw Machine Foreman. 

“With this filtering system,” says Mr. Jeffries, “we 
have lengthened cutting oil life, reduced oil-change 
downtime, and eliminated the risk of abrasive contami- 
nants where Gulfcut is used as the lubricating oil.” 

Whatever type of machining you do, the Gulfcut line 
can meet your needs. Just call a Gulf Sales Engineer at 
your nearest Gulf office, or write for complimentary 
copy of Gulf’s new 100-page manual, ‘Metal Machining 
with Cutting Fluids.” 


‘4 


\% 
John R. Scott, Jr., General Fore- 
man of the Production Depart- 
ment, with samples of various 
sizes of Nippert custom com- 
mutators. 


NEW 100-page manual tells all 
about selection and usage of 
cutting oils. Send for your 
complimentary copy of ‘‘Metal 
Machining with Cutting Fluids.”’ 


This Acme-Gridley six-spindle automatic in the Screw Machine 
Department of Nippert Electric Products Company is cutting 
a commutator core from leaded C-1036 steel. Gulfcut 41C 
serves as both cutting oil and machine lubricant. 


GULF OIL CORPORATION 
Dept. DM, Gulf Bidg., Pittsburgh 30, Pa. 


0 Send literature on Gulfcut oils. 


C0 Send copy of 100-page manual, ‘“‘Metal Machining with 
Cutting Fluids.” 


Name 
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Company 
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Yoder Rotary Slitters 
reduce inventory... 
speed production 


To help meet the demands of tight production schedules, 
YODER Slitters reduce mill-width stock quickly and 
economically to desired widths. If your needs are as 
low as 100 tons per month, time and manpower savings 
alone will offset the cost of your YODER Slitter in 
a matter of months, while reducing basic inventories. 
Compactly designed, standard YODER Slitters are built 
to handle standard coil widths...completely engineered 
lines for special requirements. 


YODER accessories, such as coil cars, swivel unloaders, 
scrap choppers, scrap disposers, plate levelers and coil 
boxes, make stock handling fast and easy. 


YODER also makes a complete line of Cold Roll-Form- 
ing equipment and Pipe and Tube Mills. To profit from 
YODER’S years of engineering and service experience, 
contact your local YODER representative or send for 
the YODER Slitter Manual. 


THE YODER COMPANY 


5595 Walworth Avenue + + Cleveland 1, Ohio 


Investigate the many advantages of 
YODER-engineered Slitter Installa- 
tions. Write today for this comprehen- 
sive, 80 page YODER Slitter Manual 
... it’s yours for the asking! 


ROTARY SLITTING LINES 


PIPE AND TUBE MILLS (ferrous or non-ferrous) 
COLD ROLL FORMING MACHINES 
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final check 


on your order for stainless steel plate from Carlson 


@ Stainless steel is our only business—and we know it! Producing to your specified 
tolerances in shearing, sawing, abrasive cutting, flame cutting, forming and machining stainless steel plate is a 


regular Carlson service. This accuracy in manufacturing saves time and money in your shop. Fabrication is 
easier; true-up time is cut to a minimum. 


L ‘ | a This dependable service makes Carlson a money-saving source of supply for all your stainless steel 


plate. You run no risk of errors which increase your costs and jeopardize your reputation and good will with 
your customers. 


4 Prompt, effective service starts the moment your inquiry reaches our office. The final check of your 
order is done by Carlson specialists for we know your satisfaction begins right here. Take advantage of our long 
experience in the field. Write today, your inquiry will receive prompt attention. 


Ze 
Stainbou Steels Exobusivelly 
MARSHALTON ROAD « THORNDALE, PENNSYLVANIA 
District Sales Offices in Principal Cities 
PLATES + PLATE PRODUCTS + HEADS + RINGS + CIRCLES + FLANGES + FORGINGS » BARS AND SHEETS (NO. 1 FINISH) 
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Metals Engineering 
. . . Interpretative Reports of World-Wide Developments 


Aluminum Castings 
in Automobiles 


Digest of “Applications for 
Aluminum Castings in the Auto- 
motive Industry”, by R. F. 
Thomson, General Motors Corp., 
Detroit. Paper presented before 
the Purdue Casting Conference, 
October 30, 1959. 


ODAY'S AUTOMOBILE BUYER is 
more aware of gas consumption 
than he was a few years ago. As 
such, he also contributes to the 
growth of aluminum in automotive 
markets. Up until 1954, improved 
engine efficiency offset the effect of 
increasing auto weight on gas econ- 
omy. But since then, weight has 
-had the upper hand and gas con- 
sumption has been on the increase 
(Fig. 1). This trend will probably 
stimulate more extensive applica- 
tions of aluminum in automobiles. 
Aluminum finds greatest use today 
in pistons and transmission parts 
(Fig. 2) where it totals about 106 
million Ib. per 5.5-million car year. 
The potential in these applications 
alone is estimated at 182 million lb. 
Aluminum pistons are employed in 
practically all automobile engines 
because they decrease reciprocating 
weight and bearing loads. This is 
particularly true in V-8 engines. 


Aluminum alloys which contain 
from 9 to 24% silicon have proved 
popular for pistons because, as 
shown by Fig. 3, the coefficient of 
thermal expansion drops as silicon 
content is increased. However, ma- 
chinability suffers as silicon is added 
and casting characteristics of the 
high-silicon alloys are not among the 
best. 

Future stature of aluminum in the 
automotive industry is primarily de- 
pendent on economics. Its position 
has improved since 1945 and will be- 
come even more attractive if pig iron 
continues to grow in price at its pres- 
ent rate. A number of improve- 
ments in casting practice and alloys 
would open new areas of application 
for aluminum. For example, there 
is a need for die castings which not 
only possess good engineering prop- 
erties but are free from internal de- 


Fig. 1 — Relationship Between 
Car Weight and Fuel Economy 
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fects as well. Currently scrap rate 
runs about 15 to 25% and even high- 
er for those castings which must be 
pressure tight. This is reflected in 


ay Fig. 2—Aluminum Alloy 
Transmission Bell Housing 


Fig. 3 — Effect of Silicon on Co- 
efficient of Thermal Expansion of 
Several Aluminum Casting Alloys 
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ANOTHER WAY RCA 
SERVES INDUSTRY 
THROUGH 
ELECTRONICS 


NOW FOR AS LITTLE AS *4,000! 


ame Complete RCA X-Ray Diffraction Equipment 
cuvonc ca for all Types of Film Studies 


Think of it—a complete x-ray diffraction facility for film studies can be yours now for less than 
$4,000.00. A typical installation could include: a Crystalloflex II X-Ray Diffraction Generator 
complete with two powder cameras, a flat camera, and a stereo-microcamera, a copper target 
x-ray tube and camera carriers. Other combinations, with prices varying according to the selection, 
could include both one and two radian cylindrical cameras, flat cameras and the very versatile 
70mm. film with one radian cylindrical camera which can be used for powder diffraction, sym- 
metrical back reflection work and rotating crystal layer line diagrams. A wide variety of additional 
ae, + an tubes with other targets, and attachments for special specimen handling are 
also available. 


GUINIER CAMERA 


Cameras used with the Crystalloflex II can be operated simultaneously at four x-ray ports, each 
of which is equip with an individually timed shutter. Rating of this compact table mode! is 
25 to 60 KV in 5 KV steps. Tube current control is continuous from 0 to 40ma. Overall size of the 
unit is 24” wide x 32” high x 22’ deep. The Crystalloflex II can also be tilted so that the tube may 
be operated horizontally. All these features make this generator an excellent tool for chemists, 
metallurgists, physicists and biologists whose research projects usually entail a high volume 
and wide variety of film work. 


RCA also offers the Crystalloflex IV console model generator, and the world’s most complete line 
of attachments and accessories for x-ray diffraction and spectroscopy including an excep- 
tionally versatile group of cameras, pole figure goniometer, single crystal layer line and micro- 
fluorescence attachments. 


Contract services on RCA X-Ray diffraction equipment and electron microscopes are available 


L. through eleven regional offices of the RCA Service Company. 
STEREO-MICROCAMERA 


For more information about this advanced equipment or a quotation on your require- 
ments, write: Radio Corporation of Americc, Dept. D-72, Building 15-1, Camden, N.J. 


RADIO CORPORATION of AMERICA 
Tmk is) ® CAMDEN 2, N. J. 
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AO Offers Low-Cost 
Stereophotomicrography 


..-in just three easy steps 


SET the focusing adjustment on your 
] AO Spencer Cycloptic Stereoscopic 

Microscope, to bring specimen into 
sharp focus. era is mounted directly to 
Cycloptic...out of the way...ready for in- 
stant use. 


SNAP shutter with cable release. You 
photograph the sharp three-dimen- 
sional image exactly as you saw it. 
Your film processor will supply stereo 
mounted photographs. Now you have per- 
manent, three-dimensional photomicro- 
raphs, in black-and-white or color, for 
uture reference. 


. BUFFALO 15, NEW YoRK 


SWING the mounted 35 mm Graflex 

Stereocamera into position over eye- 

pieces. Designed exclusively for Cy- 
cloptic, special compensating prisms in 
adapter unit render camera parfocal with 
microscopes’ optical system. Set camera for 
bulb exposure. No faeces adjustment is 
necessary. 


‘ 
The full-size Graflex Stereoviewer, with 
built-in light source, completes this easy- 
to-use 3-D photo package. You can review 
your findings over and over again...anytime 
...anywhere. Here is everything you need 
for three-dimensional photomicrography... 
unique... easy-to-use. Available only from 
American Optical. 

Ask your AO Sales Representative or 
write: 


O Please send full information on AO 
Spencer 637 Stereocamera attachment. 


| 


0 Also include information on AO | 


Spencer Cycloptic Stereoscopic Microscopes. 
Name 
Address 
City. 
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Aluminum Castings . . . 


the cost of the die castings. Proper- 
ties also need improvement, particu- 
larly in ductility and modulus of 
elasticity. 

Some aluminum alloys require so- 
lution heat treatment for 4 to 12 hr. 
followed by aging for 2 to 8 hr. To 
handle a “production rate of 10,000 
units per day, the heat treating fur- 
naces alone would cover more than 
two acres”, according to one G.M. 
executive. Obviously, the cost ad- 
vantage of a simpler heat treatment 
is desirable. 

Core sand, either trapped or ad- 
hering to the surface of semiperma- 
nent mold castings, adversely affects 
the ability of a casting to carry heat 
away from hot areas. Core binders 
in use today in aluminum foundries 
do not break down at relatively low 
pouring temperatures or at solution 
and aging temperatures. What is 
needed is a binder which will dis- 
integrate completely during heat 
treatment for a few hours at 300 to 
400° F. because this is the temper- 
ature range within which many cast- 
ings are heated for dimensional 
stability. 

The dies used in die casting, 
which cost from a few hundred to 
over a hundred thousand dollars, 


Fig. 4—Checked Die Cast- 
ing Causes Excessive Down- 
time While Being Reworked 


have a relatively short life before 
becoming checked (Fig. 4). Signifi- 
cant improvement in unit price is 
possible because the capital invest- 
ment in a die casting machine is 
high, and downtime while dies are 
being reworked bears directly on the 
casting price. Cheaper ways of 
making dies other than by the Kel- 
lering operation are needed also. 
Precision cast dies look promising. 
R.G.D. 
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When you want to use extensometers for certain testing 
applications .. . 


.. +» you don’t have to buy a new tester (if you already 
have an Instron). 


. +. you don’t have to subject your Instron to costly 
modification. 


All you have to do is add this field-proven, high- 
precision accessory — the XY Chart Drive System — and 
you have a superbly efficient servo system which lets you 
change over, instantly, from sample elongation by grip 
separation — to extensometer measurement, at the flip 
of a switch! 


Here’s one more example of what we mean when we 
say you can do more with an Instron. And — you get 
this incomparable flexibility in testing only if and when 
you need it. This is an optional accessory — not a 
standard item built into the Instron to add to your expense 
whether you need it or not. 


The XY Chart Drive Accessory — what it is: 


a high performance servo system for driving the chart of 
the Instron recorder. Operable from most types of ex- 
tensometers, including differential transformers, small 
synchros, resistance potentiometers and strain gauges. 


Varying degrees of magnification, depending on extenso- 
meter type and gear ratio for everything from metals to 
miracle plastics. 


INSTRON 


ENGINEERING CORPORATION 
2507 WASHINGTON STREET, CANTON, MASS. 


Unlimited chart travel to en- 
able switching from extenso- 
meter to time drive for relaxa- 
tion measurement. 


This accessory performs equally 
well with all Instrons, no 
matter what their vintage. In- 
stallation is no problem. 


For complete information on 
high precision tensile testing 
(whether or not it involves 
extensometers) write us today. 


YOU CAN DO MORE WITH AN INSTRON 


The unusual versatility of this fine testing instrument is greatly extended by 
Instron’s complete range of special accessories, which can be added as you 
need them. In addition to the XY chart drive system, they include: automatic 
digital readout e environmental cabinets ¢ quick-change crosshead-speed selector 
© variable speed drive @ high temperature equipment e load pacing @ automatic 
cycling controls. Write for the complete Instron catalog. 
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the Instron XY recorder makes it as simple as flipping a switch ! 
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| 
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BIG BRONZE PLATE! 


Varying dimensions — 
up to 10,000 Ibs. in weight 


Here’s an idea of what you can get in 


AMPCO' METAL 


A single Ampco Metal plate can be big enough (%%” x 192” x 
360”) to form a tank 16’ high x 11’-6” diameter! Big enough 
(1” x 180” x 240”) to form a tank 15’ long x 5’-3” diameter! 
An Ampco Metal Tube Sheet 2” thick can be rolled 10’-6” in 
diameter. One 3” thick can be 9’-0” in diameter. 

What are your requirements for corrosion, abrasion, or me- 
chanical service? Talk it over with your Ampco field engineer. 
Write for bulletin. 


ANIPCO 
METAL 
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AMPCO METAL, INC. 
Dept. 20B, Milwaukee 46, Wis. 
West Coast plant: Burbank, California 

Southwest plant: Garland (Dallas County), Texas 
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Determining Weld 
Penetration With 
Radio-Isotopes 


Digest of “Study of the Use of 
Radio-Isotopes in Welding Wire 
and Brazing Materials as a 
Means of Nondestructive Joint 
Inspection”, by P. T. Barnes and 
G. L. Locher. Paper presented 
at the Annual Meeting of the 
American Welding Society, 1958. 


Amare PROBLEM requiring non- 

destructive determination of 
weld penetration arose during the 
development of liquid propelled air- 
craft rockets at the U.S. Naval Ord- 
nance Test Station at China Lake, 
Calif. As a possible solution to this 
problem, the use of radioactive weld- 
ing rod was suggested. Initially, the 
proposal was directed primarily to- 
ward determination of penetration 
in fillet welds made by automatic 
equipment, since in this instance the 
deposition of rod and radio-isotope 
would be uniform. It is conceiv- 
able that this method of examina- 
tion might also be used for manual 
welds wherein bead height and 
width would be coordinated with 
the examination procedure. 

Filler wire added during welding 
normally becomes indistinguishable 
from the metal being welded. Radio- 
graphic, fluoroscopic, and ultrasonic 
testing show various kinds of defects, 
but do not show the penetration. In 
the procedure proposed, radioactive 
filler wire would be used, and the 
weld bead would be deposited in a 
conventional manner. The intensity 
of gamma or beta radiation from a 
given spot of the weldment would be 
a measure of the amount of wire 
added. When monitoring is done 
from the side opposite the weld, the 
intensity of radiation then becomes 
a measure of penetration. 

Measurement of very weak radio- 
activity is a highly developed tech- 
nology. When the radiation receiver 
is very close to the source, the 
amount of radioactivity can be so 
small that it is undetectable a few 
feet away; this lessens hazards. A 
distinct advantage of the proposed 
method is that inspection could be 
made almost as soon as the work 
cools by a suitable radiation detec- 
tion instrument. The sensing ele- 
ment would be a portable scintilla- 
tion counter head connected to an 
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The Man is Sperry Ultrasonics 


At Chrysler Corporation he collaborated with methods 
researchers to develop an improved ultrasonic inspection 
system. The new system, named SIMAC (Sonic Inspection 
Measurement and Control), automatically tests sheet steel 
for internal flaws in excess of 300 feet a minute. Flaws 
are marked by dye and the faulty steel rejected before it 
reaches the stamping phase. The resultant quality control 
assures the most perfect product with the least waste of 
man hours and material. 


Sperry sales engineers are recognized authorities on the appli- 
cation of ultrasonic techniques in nondestructive testing. They 
are the link that sparks Sperry research and development 
teams to create the quality control tools industry needs. 


When there is a quality control problem, call the man who is 
Sperry Ultrasonics. 


Fry Products Company 


DIVISION OF HOWE SOUND COMPANY 


Defective sheet steel is automatically 
sprayed with dye on the production line 


‘ i i i Plant 
ot S502 Shelter Rock Road, Danbury, Connecticut 
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Weld Penetration . . . 


indicating recording unit. This in- 
spection would be followed by other 
methods when their use was indi- 
cated, and the radioactive method 
would be correlated with appro- 
priate specimens examined by metal- 
lographic methods, Interchangeable 
collimating apertures over the sens- 
ing element of the detection instru- 
ment would allow isolation of the 


In selecting suitable radio-isotopes, 
many materials have been ruled out 
because of some property that made 
them unsuitable or less favorable 
than others. Elimination of one pos- 
sible isotope may be due to unsuit- 
ability of its emission, or excessive 
shortness of half-life, or difficulty of 
alloying it with the other compo- 
nents of the welding rod. For exam- 
ple, in studying welds in aluminum, 
it would be necessary to employ an 
additive element since aluminum 


area to be inspected. 


acquires no appreciable activity from 


Distributed by steel warehouses 
throughout the world! 


STAINLESS STEEL 


SHEET & STRIP 


FIFTEEN YEARS AGO, we were the first 
stainless steel sheet producer to recognize 
the superiority of the Sendzimir Cold Re- 
duction Process over conventional rolling 
equipment for exceptionally close tol- 
erances. 

Our equipment is such that tolerances 
can be held to as low as 3% (plus or 
minus), as compared to the A.I.S.I. max- 
imum allowable variation of 10%. This 
“Thinness Control” means the ability to 
control decimal thickness with micro- 
accuracy, giving you more stainless area 
per ton or the equivalent area with less 
weight. It is this controlled accuracy and 
uniformity that directly relates to fabri- 
ating economies and satisfaction in the 
ultimate end use. 
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thermal neutron irradiation. Silver 
is favored over other possible addi- 
tives since only 0.1 to 0.2% would be 
required, and the radiation intensity 
and half-life are well within satis- 
factory working limits. For ferrous 
alloys, a minute quantity of cobalt 
would make a good tagging element 
since its effectiveness is about 30 
times that of silver. 

The amounts of radioactivity pro- 
posed would be on the order of 0.5 
to 1.0 millicuries per 1000 ft. of 
welding wire. Although not ex- 
tremely hazardous, this intensity of 
radiation would require compliance 
with A.E.C. regulations and safety 
precautions normally established for 
low-level radio-isotope applications. 
W. W. AustTIN 


Controlling Weld 
Porosity 


Digest of “The Control of 
Porosity in High Nickel Alloy 
Welds”, by G. R. Pease, R. E. 
Brien and P. E. LeGrand, Inter- 
national Nickel Co. Technical 
Paper 231. 17 p. 


Tt! GASES most important in form- 

ing weld porosity in high-nickel 
alloys and the conditions necessary 
to prevent this porosity were investi- 
gated. Commercial 99.5% nickel, 
Monel and Inconel were chosen, 
with mild steel and Types 304, 310, 
321 and 347 stainless steels included 
for comparison. 

For nitrogen, oxygen and carbon 
monoxide, porosity effects were eval- 
uated in weld beads laid down by 
the tungsten arc process without 
filler metal. Helium was used for 
shielding because it is preferred in 
America. Up to 10% of other gases 
were fed in from cylinders of pre- 
mixed helium plus contaminant gases 
at predetermined rates, as measured 
by precalibrated flowmeters, at the 
total rate of 30 cfh. A 5/16-in. 
diameter thoriated tungsten elec- 
trode was used on an automatic 
welder at 150 amp. d-c., straight 
polarity. Travel speed was 16 in. 
per min. and arc length was 0.050 in. 
Porosity was inspected at 15 x on 
the ground, polished and etched 
weld beads, and each weld was com- 
pared with a series of porosity 
standards. 

Since carbon dioxide corrodes 
tungsten filler rods, the argon- 
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Send for your copy of “MicroRold Stainless Stee! Handbook” ; 
WASHINGTON STEEL CORPORATION 
MOODLAND AVENUE WASHINGTON, PENNSYLVANIA 
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Standard Basket Parts 
adaptable to a wide range of furnace trays 


NEW DESIGN features of AECCo. BILT-UP components are now combined 
with the PROVEN ADVANTAGES of AECCo. “CRISS-CROSS” construction 
for tray baskets—another illustration of AECCo. BETTER SERVICE 


@ Many sizes easily BILT-UP from AECCo. STANDARD BASKET PARTS 
@ Parts Individually replaceable—ionger service at lower cost 
@ Length and height variable in one-inch increments 


RECTANGULAR TRAY 
WITH 


BILT-UP BASKET 
954” HIGH 


SQUARE TRAY 
WITH 


BILT-UP BASKET 
12-5/16” HIGH 


ENGINEERING ¢ (EASTING 


1700 W. WASHINGTON ST., CHAMPAIGN, ILL. TELEPHONE FLEETWOOD 6-2568 
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HEAT RESISTANT CASTINGS 
ENGINEERS AND PRODUCERS OF AND CORROSION RESISTANT CASTINGS 


Columbium makes the difference 


in this new fine-grained carbon steel 


The new GLX-W steel offers a unique combination of characteristics—the formability 
and weldability of mild carbon steel plus greater tensile strength and notch toughness. 


The addition of small amounts of columbium gives 
GLX-W the finer grain structure that makes this possible. 


Where design permits, the use of GLX-W can result in weight savings up to 35%, compared 
with mild carbon steel. With yield strengths ranging from 45,000 to 60,000 psi, GLX-W 
steels are recommended for a broad range of applications. For technical information, 

write to our Product Development Division, Department E. 


GREAT LAKES STEEL 


Detroit 29, Michigan — 


Great Lakes Steel is a Division of NATIONAL STEEL CORPORATION 
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SPEED (cubic feet/minute) 


7 


Pressure (mm Hg) 


105 104 103 102 10! 10° 10! 


40 


20 / 


Model VP-R 350A, one 
of seven Heraeus 
(Hanau, Germany) 
Roots pumps for which 
CVC is exclusive U.S. agent. 


High-speed Roots pumps 


give yu DRY VACUUM 


There’s no contamination from backstreaming because 
Roots pump chambers are completely vapor-free. They use 
no pump fluid, no steam. Not even sealing oil between 
impeller blades—unique design engineering 

eliminates need for it. 

You get the dry vacuum you need for protection of materials 
susceptible to contamination . . . for prevention of unwanted 
reactions between pump fluid vapors and process materials. 

And... you have your choice of the fastest pumps in 
the 10° to 50 mm Hg range. Seven models, 
from 74 to 13,000 cfm. Find out which one best meets 
your needs for high, dry vacuum. 


Write for application data and specifications. 
Just ask for Roots Pump Bulletin P8-20. 


Consolidated Vacuum Corporation 


ROCHESTER 3, NEW YORK 


A SUBSIDIARY OF CONSOLIDATED ELECTRODYNAMICS CORPORATION 
(FORMERLY ROCHESTER DIVISION) 
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Weld Porosity . . . 


shielded consumable electrode proc- 
ess with matching filler wire was 
used for these tests. For hydrogen, 
a special torch was used in the weld- 
ing operation. 

Test Results — Nitrogen led to the 
severest porosity level of any gas in 
high-nickel alloy welds, threshold 
porosity appearing at 0.2% nitrogen 
and becoming severe at 1%. For 
mild steel, the threshold level of 
porosity was at about 5% nitrogen. 
The electric arc process may be more 
susceptible to nitrogen porosity than 
the other processes. 

For carbon monoxide, the thresh- 
old level of porosity for pure nickel 
and Monel is at 4 to 5%, becoming 
severe at 7 to 10%. The stainless 
steels, Inconel and mild steel were 
unaffected by up to 10% carbon 
monoxide in the shielding gas. 
Metal-arc welds may be more sus- 
ceptible to this type of porosity. 

For oxygen, porosity in nickel and 
Monel develops initially at the 4 to 
5% level, becoming nearly as severe 
as carbon monoxide porosity at the 
10% level; mild steel is also porous 
at this level. Chromium bearing 
welds were sound. Oxygen-bearing 
argon should not be used for high- 
nickel alloy welds because critical 
elements are lost, and oxide films 
deleterious to multipass welds form. 

Hydrogen actually enhanced the 
soundness of welds in nickel-base 
alloys when low-purity shielding gas 
and low travel speeds were used, 
the optimum level being 10 to 25% 
hydrogen. This is unnecessary with 
today’s 99.9% purity helium. Other 
workers found no adverse effects. 

Carbon dioxide as a gas shield 
leads to heavy spatter, loss of de- 
oxidizers and other elements from 
high-nickel alloy welds, and gas por- 
osity. A heavy oxide residue is 
formed on the weld surface of chro- 
mium, titanium and aluminum bear- 
ing alloys, which is deleterious in 
multipass welds. Inconel welds 
were least affected but still sub- 
standard. 

Porosity inducing gases can be 
excluded from the are by exact con- 
trol of arc length at 0.050 in. in the 
automatic tungsten arc process. 
However, deoxidizers and gas fixing 
elements must be present when 
welding high-nickel alloys with 
coated electrodes by manual tung- 
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ANN O NCING 


AN EXTREMELY LOW-FOAMING GENERAL USE 
SINGLE OR MULTIPLE STAGE SPRAY CLEANER 
FOR BETTER RESULTS AT LOWER COST! 


NORTHWEST CHEMICAL COMPANY 
9310 ROSELAWN ary’ DETROIT 4, MICHIGAN 
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yseriife ysed at 100" to 140°F 
Gives vP *° dhree Himes onget | 
than compentiv® products: removes drawing ornpound 
suolly po- oils, grease 
tent penetrants gurtactants and An effective qystinhibiter for in-plant 
: depositio™ An easily handed: moist, granvior al- 
Higher the concentration lower base material: 
foaming: Non-toxic: non coking: 
ous 
For use oll ferrous and non problem. 
metals except aluminum 
sists help you: 
Got problem? Let Northwest's Cleaning special! 
Licensed manufacturers \ prmalite compony’ urd., Toronto canade 


THERMOCOUPLE ALLOYS . 


2 
¥ 
+ 
EMF OF CHROMEL-ALUMEL ae 


—300° F, to + 2300°F 


Reference Junction + 32°F. 


|_| | 


Spegification 


THERMOCOUPLE ALLOYS 


Hoskins Chromel-Alumel thermocouple 
alloys are the world’s basic standard of 
accuracy for controlling the heat treat- 
ment of metals—the only base metal 
materials known having established and 
guaranteed temperature-emf character- 
istics over a useful operating range from 
—300° F. for cryogenic applications up 
to 2300° F. for measuring temperatures 
in industrial furnaces, nuclear reactors 
and jet aircraft engines. 


Now, in addition to standard guaranteed 
millivoltage material, these extremely 
durable, ultra reliable alloys are also 
being produced in the following special 
grades for precision quality control: 
Specification 3-G-178—Accuracy guar- 
anteed to 4 standard tolerance limits. 
Specification 3-G-170— Accuracy guar- 
anteed within +5° F. over temperature 
range from 1000° to 2000° F. 


Available through instrument manufacturers, thermocouple fabricators, 
and pyrometer service companies. Write for complete technical data. 


* Trade names you can trust 
for accurate 
temperature measurement! 


Genvine Chrome! and Alumel are produced exclusively by 


HOSKINS MANUFACTURING CO. 
4441 Lawton Avenue + Detroit 8, Michigan 


Custom-Quality- resistance, resistor and thermo-electric alloys since 1908 
Circle 536 on Page 48-A 


Weld Porosity . . . 


sten arc welding and inert-gas con- 
sumable electrode welding. Drafts 
must be avoided and fluxes kept dry. 

To be on the safe side, gas fixing 
additions should be made to filler 
wires in all processes. Titanium is 
eminently suitable because of its 
high affinity for oxygen, nitrogen and 
carbon. It is supplemented by man- 
ganese, aluminum and silicon. Filler 
wires are specific to one process and 
are not interchangeable. A “dry box” 
or inert-gas-filled chamber is not 
required in welding high-nickel 
alloys. 

P. D. BLAKE 


Fatigue Testing in 
High-Temperature 
Controlled Environment 


Digest of “A High-Tempera- 
ture, Vacuum, and Controlled 
Environment Fatigue Tester”, 
by G. J. Danek, Jr., and M. R. 
Achter, A.S.T.M. Preprint No. 
73, 1958. 


NCREASING USAGE of materials un- 

der cyclic, high-strain loading at 
elevated temperatures has stimulated 
interest in studies of such loading. 
Since no commercial equipment was 
available, the U.S. Naval Research 
Laboratory designed and built a 
suitable machine. 

A cantilever, sheet-type specimen 
is mounted in a vacuum chamber en- 
closed in a_ split-tyye resistance 
furnace. Motion is transmitted 
through magnetic coupling to maxi- 
mize vacuum tightness. The speci- 
men is vibrated at resonant frequency 
by two mechanically driven oscil- 
lating magnets on the outside of the 
furnace, or by two electromagnets 
which are alternately excited. The 
mechanical system is simple and 
easily constructed but requires peri- 
odic adjustment. The electromagnet 
system is more complicated but gives 
more accurate and convenient con- 
trol over vibration and is considered 
better suited for long term tests. 

The data from both driving mech- 
anisms are comparable with no great 
difference in deformation character- 
istics. No more scatter is found in 
the data than generally experienced 
in fatigue testing. 

A major disadvantage exists in cal- 
culating the stress in the specimen. 
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steel-sections 


serving better production of our first quality tool steels 
. (and our customers’ special forging needs) 


CAPACITY 2000 Tons 2000 tons of new Vanadium-Alloys Steel press capacity is here at work— 

’ STmont jpanageigings speeding delivery of more uniform large forgings in our regular production, 
9 vA and ready to meet special custom forging demands. Ingots from 12” square to 

Saou > 40” square are regularly worked. Let us quote on your block, disc and special 


forging requirements in First Quality tool steel grades. 


Vanadium-Alloys Steel Company 
LATROBE, PENNSYLVANIA 


DIVISIONS: Anchor Drawn Steel Co. « Colonial Steel Co. « Metal Forming Corporation « Pittsburgh Tool Stee! Wire Co. 


SUBSIDIARIES: Vanadium-Alloys Steel Canada Limited « Vanadium-Alloys Steel Societa Italiana Per Azioni « EUROPEAN 
ASSOCIATES: Societe Commentryenne Des Aciers Fins Vanadium-Alloys (France) « Nazionale Cogne Societa Italiana (italy) 
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Fatigue Testing .. . 


All required quantities can be meas- 
ured directly except the effective 
mass of the specimen and coupling 
rod. The simplest procedure for 
determing this quantity appears to 
involve successive trials at five fre- 
quencies. This, in turn, requires a 
series of calibration curves for each 
temperature and material used. This 
method, however, does eliminate the 
need to know the elastic moduli at 
elevated temperature and the tem- 
perature gradient along the speci- 
men. Despite the effort required to 
determine stress, all sources of un- 
certainty result in a maximum error 
of 1.3% in calculated stress. 

The test equipment, as con- 
structed, can be used for both envi- 
ronment studies and, under vacuum, 
for investigation of fatigue damage, 
crack initiation, and crack growth 
at elevated temperatures. 

C. O. SmitTH 


Treating of Molten 
Aluminum 


Digest of “Chemical Treat- 
ment of Molten Aluminum and 
Aluminum Alloys”, by H. Eisen- 
reich, and M. G. Neu, Alwmin- 
ium (Germany), March 1959, 
p. 131-135. 


(CHEMICAL TREATMENT of the melt 

imparts certain qualities to the 
finished casting or ingot. The melt 
is affected by temperature, rate of 
cooling, percentage of alloys and im- 
purities, their distribution in the 
melt, their chemical reaction and the 
effect of temperature changes on this 
reaction. 

For a good melt, the charge must 
be perfectly pure and dry, and melt 
rapidly. The mixture must also be 
heated to the required maximum 
temperature rapidly, and should be 
protected against absorption of oxy- 
gen and hydrogen from furnace 
gases and the atmosphere. Under 
normal operating conditions, coarse 
dross quickly floats to the surface, 
but fine, suspended oxides take a 
long time to settle and will do so 
only if the melt level in the pot is 
low and if there is no agitation. (In 
practice, it is almost impossible to 
meet these requirements in induction 
furnaces or melting pots.) Hydro- 
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In a test conducted by the Formsprag Company of Warren, Michigan, CHROMALLIZED 
" sprags were removed from an automobile transmission after 55,000 miles of use and 
compared with ordinary sprags from another-transmission after 33,000 miles of use. 
The CHROMALLIZED sprags showed less than half the wear of the.other sprag: oe 
Chromallized sprag (left) shows almost no wear, while 
; A proven process of diffusing Chromium with other elements into the surface provides 
an alloy case which is integral with the base metal. It can’t peel or flake; the chromium ; 
: and other elements diffuse uniformly into recesses, pores, cracks and even blind ie, 
‘CHROMALLIZING provides not only resistance to wear but also considerable resista : 
to corrosion and oxidation. 
2 . This process may be applied to superalloys and refractory meets tee 
RITE FoR ILLUSTRATED BULLETIN 
: hromal loy corporation 
ee CHROMIZING CORPORATION, LOS ANGELES, CALIFORNIA 
PROPELLEX CHEMICAL DIVISION, EDWARDSVILLE, ILLINOIS 
Propellents, cartridge actuated devices, explosives and special chemicals 
x ELYRIA FOUNDRY DIVISION, ELYRIA, OHIO. Quality gray iron castings 
ss SINTERCAST DIVISION, YONKERS, N. Y. Machinable carbides & nuclear materials 
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Which 


Here are four actual customers* with different, but ex- 
acting product and technical needs. One uses Bridgeport 
rod in a range of alloys, the second Bridgeport strip. 
A third makes fasteners from Bridgeport Brass wire. 


“AUTOMATIC QUALITY,” says Customer A. “We've a high-volume, 
automatic screw machine operation. Our alloy needs vary from 
job to job. Our production sdindules demand consistent quality alloy 
and accurate gauge. With every rod alloy we get from Bridgeport, 
we get what we order... including aluminum alloys!” 


“CONSISTENT GAUGE. We need Bridgeport quality brass wire to 
make thousands and thousands of fasteners of every description,” 
says Customer C. “High-speed, volume cold-heading production is 
| as good as the alloy wire that’s used. Bridgeport Brass wire is 


made to exact tolerances for cold-heading at high speeds—we 
depend on it.” 


These examples typify national metalworking opinions. 
There’s no mystery why marfacturers the country 
over depend on Bridgeport—Bridgeport products and 
service are close at hand. The many brass, copper and 
aluminum alloys made by Bridgeport in rod, tube, wire 
and strip are readily available from stocks in your area; 


picture you fit? 


The fourth company uses Bridgeport condenser tubes 
and Technical Service to produce quality heat ex- 
changers. Which picture do you fit with your raw 
materials and manufacturing requirements? 


“LONG-LENGTH COILS. They’re one reason why we can depend on 
Bridgeport for strip,”’ says Customer B. “Superior surface finish 
from Bridgeport saves us production costs. With their Sendzimir 
mill finish and exact gauge and width in long-length coil, you can 
see the reasons why we depend on Bridgeport for brass, copper 
and aluminum strip. 


“PRODUCT PLUS SERVICE,” says Customer D. “We manufacture heat 
exchangers for many applications. Our requirements include good 
technical and engineering service as well as a wide choice of brass, 
coger and aluminum tube alloys. All of these are available from 
Bridgeport.” 


*Names on request 


Bridgeport warehouses are located to make it easy for 
you to get what you want on time. Volume needs are 
mill-delivered. Your call to your nearest Bridgeport 
Sales Office, or a letter to Dept. 4101 will get you engi- 
neering and technical service. Try it, and you'll agree 
—you do fit into the picture! 


BRIDGEPORT BRASS COMPANY 


Bridgeport 2, Conn. ¢ Sales Offices in Principal Cities 


Specialists in Metals from Aluminum to Zirconium 
Circle 589 on Page 48-A 
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Molten Aluminum .. . 


gen is either dissolved in the melt or 
trapped in the form of hydrogen 
compounds. The melt lacks nucle- 
ating agents, and is covered with a 
skin of dross. 


Degassing and Purification 


The most commonly used fluxing 
agent is chlorine. It reacts quanti- 
tatively with the melt, forming alu- 
minum chloride. The gas must not 


be introduced in the melt at too fast 
a rate and it has to be evenly distrib- 
uted in it. The quantity varies from 
0.15 to 0.6%. Disadvantages are: 
grain coarsening, material losses of 
aluminum and magnesium (if the 
melt also contains this element), 
difficulties in proper handling of the 
chlorinating equipment, This has 
led to the use of carbon compounds 
which generate chlorine in the melt, 
instead of gaseous chlorine. Gases 
from these compounds form smaller 
bubbles which are more effective. 


THIS is No Ordinary Power Hack Saw Blade 


This is the unbreakable MARVEL 
High-Speed-Edge Hack Saw Blade 
—the first bi-metal blade—invented, 
developed and introduced by 
MARVEL. This blade is a combina- 
tion of two materials best suited to 
the requirements of an efficient hack 
saw blade . . . a narrow high speed 
steel cutting edge permanently 
welded to a tough, non-brittle alloy 
steel body. Each blade is triple tem- 
pered to assure long life and maxi- 
mum toughness to the cutting edge. 

With a MARVEL Blade, you can cut 
any material—from the free machin- 
ing steels to the toughest alloys .. . 
fast, accurately and economically. 


You can tension a MARVEL Blade 
from 200% to 300% tauter than any 
ordinary blade, permitting much 
higher speeds and heavier feeds 
without deflection or breakage. 

Like all good things, attempted 
copies of the MARVEL Blade have 
been numerous, but its performance 
has been unequalled by any of the 
imitators. Ask for MARVEL Blades by 
name and you can be sure you’re 
getting the best on the market. Lead- 
ing Industrial Distributors have 
them in stock. 

Write for latest cutting tool Bul- 
letin and the name of your nearest 
MARVEL Distributor. FB-1020 


ARMSTRONG-BLUM MFG. CO. 5700 W. Bloomingdale Ave., CHICAGO 39, U.S.A. 
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Hexachloroethane — one of these 
compounds — develops about 30% 
chlorine at a working temperature of 
1400° F. The rest of the chlorine 
forms carbon chlorides which ap- 
pear to give better gas absorption 
and purification than the aluminum 
and magnesium chlorides formed by 
gaseous chlorine. 

A degassing agent was recently 
developed, in which carbon chloride 
is compressed in a porous base mate- 
rial. This evenly distributes the 
gases released by the reaction and 
thereby improves their effectiveness. 
Carbon chloride compounds do not 
destroy nucleating agents as elemen- 
tary chlorine does, because the quan- 
tities of pure chlorine released by the 
reaction are smaller. Any desired 
quantity of grain refiner can be add- 
ed to the carbon chloride for grain 
refinement. 
Grain Refining Practice 

The formation of nuclei is essen- 
tial for grain refining. The follow- 
ing materials give good results as nu- 
cleating agents: TiB., AIB., TiC. 
Another good type of grain refiner 
is based on alkaline titanium fluoride 
and hexachloroethane. Tempera- 
ture changes affect their reaction 
only slightly. The most favorable 
combination for grain refiners is, 
however, the one which contains 
alkaline boron fluoride also. For 
best results, the temperature should 
not fall below 1380°F. because 
boron does not mix well with molten 
metal at lower temperatures. 

A special instance is the refining 
of eutectic and slightly hypo-eutetic 
aluminum-silicon alloys with sodium. 
The refining process does not affect 
the size of the primary aluminum 
crystals, but it gives a smooth, uni- 
form texture to the eutetic alloy. 
The causes of this refinement have 
not yet been fully explained, but it 
is known that the addition of sodium 
(and of several other alkaline and 
alkaline earth metals) lowers the 
temperature. 

The metallic sodium formerly 
used has been replaced with mix- 
tures of sodium salts which are melt- 
ed by the liquid metal and quickly 
absorbed in the melt, Recently, an- 
other process for adding sodium to 
the melt has been perfected. Vac- 
uum distilled sodium is stored in 
vacuum aluminum tubes, which are 
also used to add the sodium to the 
melt. This speeds up the process at 
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speeds annealing rate to 
8,000 Ibs/hr of brass tubing 


This furnace is one of Scovill Manufacturing Company’s (Waterbury, Con- 
necticut) answers to the threat of imported brass and copper mill products. 

Scovill is after new highs in production and quality in its new streamlined 
tube mill at New Milford, Conn. This continuous roller hearth furnace, 
equipped with Surface Power Convection, helps achieve both goals. It 
anneals and cools 8,000 Ibs. of brass and cupro-nickel tubing an hour. At the 
same time, it produces tubing of superior physical properties because it 
maintains temperature uniformity at plus-minus 8° F. 

Such process speeds and temperature uniformity are possible only with 
Surface Power Convection, the most important advance in convection heat 
transfer in 20 years. Ask your Surface representative how you can apply this 
profitable new technology to your products. Write for Bulletin SC-182. 
SURFACE COMBUSTION - 2377 Dorr Street, Toledo 1, Ohio 
A DIVISION OF MIDLAND-ROSS CORPORATION 
In Canada: Surface Industrial Furnaces, Ltd., Toronto, Ontario 


Surface wherever. heat is used in. industry 
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“HIGH SPEED - HIGH CAPACITY 
FATIGUE TESTING 


with the new 850 in.-/b. Rotating 
Beam Machine from 


Designed for testing new heat-resistant materials used in 
jet engine, rocket and missile programs, this new Tatnall- 
Krouse machine provides unsurpassed performance for 
your most critical applications. It has a bending moment 
capacity of 850 inch-pounds . . . speeds from 3,000 to 12,000 cycles 
per minute... temperatures from 200 to 1800°F. +3°. It takes 
specimens 4 to 8 inches long, and 16 to 20 inches long. 


For details, write or call for Bulletin BM-2050. 


Other Budd testing equipment includes Tatnall creep testing machines and 
tensile testing machines, and Tatnall-Krouse variable speed plate machines, 
constant speed sheet machines, and other rotating beam machines. We will 
be glad to help you evaluate your testing requirements and select the 
right equipment. 


INSTRUMENTS A 
AD @M DIVISION P.O. Box 245 Phoenixville, Pa. 


Consult your phone book for sales offices in: Atlanta, Ga., Oak Park, Ill., Dallas, Tex., 
Los Angeles, Calif., San Francisco, Caiif. 

In Canada 

Tatnall Measuring and Nuclear Systems. Ltd., 46 Hollinger Rd., Toronto 16, Ont. 
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lower working temperatures, and re- 
duces gas absorption and pitting of 
the pot. 


Dross Separation 


Solid fluxes prevent oxidation of 
the metal as far as possible, remove 
oxides trapped in the melt and pro- 
mote the fusing of metal particles 
during melting. Many researchers 
believe that the added fluxes actually 
dissolve the aluminum oxide film on 
the metal surface. While it is true 
that aluminum oxide is soluble under 
high temperature in salts (such as 
cryolite and fluorite), the tempera- 
tures used for melting aluminum are 
too low to dissolve any appreciable 
quantities of aluminum oxide. Ac- 
tually, the flux probably removes the 
oxide film by surface forces. Such a 
process is in many respects similar to 
the removal of oxide films from iron 
during pickling. 

The separation of metal from 
metal oxide caused by the above de- 
scribed reaction does not necessarily 
mean that all the separated metal 
will drain from the dross into the 
melt. The dross contains frequently 
as much as 50 to 75% aluminum 
with a grain size of 10 to 75 microns. 
Failure to recover this aluminum 
may result in substantial losses. For 
this reason, fluxes containing fluoride 
have been developed, which cause 
the aluminum particles to flow to- 
gether and separate from the dross. 


K. C. SPENCER 


Impact Fatigue 


Digest of “Impact Fatigue 
Resistance of Structural Steels”, 
B. N. Das and G. D. Sani, 
ransactions, Indian Institute 
of Metals, Vol. 10, 1956-57, p. 
103-118. 


T= PAPER Calls attention to the 

little studied phenomenon of im- 
pact fatigue. Engineering parts such 
as ends of rail joints, shafts of pneu- 
matic hammers or parts of internal 
combustion engines undergo re- 
peated impact stressing in service. 
In choosing material for applications 
requiring impact fatigue resistance, 
the engineer must presently rely on 
comparison between fatigue test 
results (S-N curves) of different 
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e e« « news about metals and met chemicals 


METALS 


JANUARY - FEBRUARY, 1960 


Using arc-melted "Electromet" columbium, The Ladish Company, Cudahy, 
Wis., has successfully forged a Cb-0.75% Zr ring, measuring 7% in. 0.D. x 6 in. 
I.D. x % in. thick. The ring was made during a co-operative experimental program 
in which Union Carbide Metals supplied the columbium in the form of an alloyed 
ingot. An objective of this program was to demonstrate the forgeability of a 
columbium alloy of "commercial" purity. Much of the work to date has been based 
on ultra-high purity material. General data on columbium can be found in 
Bulletin CB2-P§. 


* * * 


Ferric acetylacetonate is going into semicommercial production at Union 
Carbide Metals. This "Electromet"® metal chemical and other acetylacetonate 


derivatives of the transition metals (e.g., Cr, Co, Mo, Mn, V, and Ni) offer 

a convenient means of putting the metals in solution in organic systems. They 
are chelated, non-ionizing compounds, and slightly soluble in water. They form 
solutions which are neutral and resistant to hydrolysis. The acetylacetonates 
are available as pure, crystalline powders. Bulletin AAl-.5 gives property data. 


* * * 


Vanadium sheet -- wider than previously available -- has been produced by 
Union Carbide Metals Company. The sheet, measuring 19% in. wide by 40% in. long 
by 0.065 in. thick, is a new development in vanadium technology. Formerly requests 
for widths greater than 6 in. had not been made. Should the demand arise, wider 
sheet can be produced without difficulty. The high degree of workability observed 
during this wide-sheet production reflects the improved purity of the Company's 
vanadium metal. Several wire sizes are also available from stock. Union Carbide 
Metals offers melting stock for sale and will supply custom quantities of a range 
of vanadium mill products. Request Bulletin VMl-P5 for general information on 
vanadium. 


* * 


The outstanding oxidation and corrosion resistance of chromium carbide 
can now be utilized on pre-formed base materials. Coating techniques such as flame- 
spraying and electrodeposition, currently under study, are extending the applica- 
bility of this refractory compound. New areas include coatings for such components 
as turbine blades, while established uses are in shapes fabricated by powder 
metallurgy techniques. Union Carbide Metals’ field representatives are discussing 
chromium carbide powder and its application with users of oxidation- and corrosion- 
resistant coatings. Bulletin CCl-P5 gives general data on chromium carbide. 


* * * 


Oxidation-resistant coatings for columbium and its alloys are another 
area of research at Union Carbide Metals. A duplex coating, which is among those 


being studied, performed satisfactorily above 2000°F. during preliminary tests. 
The Company's field representatives are available to exchange information on 
coatings, their applications, and related problems. For laboratory performance 
data, ask for AC1=-P5. 


* * 


Union Carbide Metals Company, Division of Union Carbide Corporation, P. 0. 
Box 350, Niagara Falls, N. Y. In Canada: Union Carbide Canada Limited, Toronto. 


The terms "Electromet" and "Union Carbide” are registered trade marks of Union Carbide Corporation 
Circle 509 of Page 48-A 
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A PRODUCT OF AMERICAN-STANDARD 
DETROIT CONTROLS DIVISION, DE TROI T, MICHIGAN 


This new thermostat, No. CA 520, a product of American-Standard, 
Detroit Controls Division, offers the ultimate in style, comfort and 
dependability. It was designed and manufactured especially for use 
with American-Standard Furnaces, the ‘‘one responsibility’ concept. 
Its features include: hermetically sealed mercury switch; soldered 
circuit joints and flexible wire; clear plastic base plate for fast 
installation; five-degree dial calibration and wider selection of tem- 
peratures (50° to 90°); and attractive decorator design with concave 
rim and cover, in bronze and silver, (or paint it yourself). Both the 
actuating element and the temperature indicating element are Chace 
Thermostatic Bimetal. 


Perhaps sensitivity (or lack of it) i is the one feature of a room thermo- 
stat most likely to impress the homeowner. One wants to be uncon- 
scious of a heating system, not reminded by frequent periods of 
chill or overheating. The extreme sensitivity and unfailing reliability 
of Chace Bimetal are the result of Chace’s third-of-a-century devoted 
to the development of efficient alloys and bimetal combinations, plus 
manufacturing methods and equipment devoted exclusively to the 
production of precision thermostatic bimetal. Discriminating bimetal 
buyers can always be certain that their names on the “outside” are 
safe with Chace “inside.” 

Chace Thermostatic Bimetal is available in strips, coils and completely 
fabricated elements of customers’ designs —and in more than 30 
types. If you have a product in the “thinking stage,’ send for our 
booklet, “Successful Applications of Chace Thermostatic Bimetal,”’ 
for its many pages of illustrated temperature-actuated devices plus 
much valuable engineering data. 


W. M. CHACE CO. 
Thermostatic Bimetal 


1626 BEARD AVE., DETROIT 9, MICH. 
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materials. Or he may compare 
impact energy curves and try to 
evaluate what the energy levels of 
these curves at different tempera- 
tures really mean in terms of the 
intended application. He may have 
found, for example, that a certain 
steel could be recommended when 
based on the endurance limit of the 
S-N curves, but would be unsuitable 
when impact test data are considered 
as criterion. Practically no quanti- 
tative data are available in the tech- 
nical literature that can provide the 
engineer with information as to the 
impact fatigue resistance itself. 

The present investigation pro- 
vides some quantitative information 
on the impact fatigue resistance of 
five structural steels. Standard ro- 
tating beam fatigue specimens and 
the specially designed impact fatigue 
specimens were machined from %-in. 
diameter rolled bar in the normal- 
ized condition. The fatigue speci- 
mens were finished by manual pol- 
ishing in the longitudinal direction. 

The impact fatigue specimens 
were tested in an Amsler Universal 
Hammer Machine where the speci- 
men was exposed to 650 external 
blows per min. while rotating similar 
to a standard fatigue test. The 
specimen can be considered as a 
simple supported rotating beam, 
receiving about 100 blows per 
revolution. 

To establish the actual stress in 
the outer fiber of the specimens, 
calibration tests were performed 
during which the stress was meas- 
ured statically and dynamically by 
means of SR-4 gages. In the static 
test a curve was established giving 
the relation between maximum fiber 
stress and load at the center of 
the span. In the dynamic test a 
similar curve was found in relation 
to the kinetic energies of the adjust- 
able blows. From these two curves 
an equivalent load can be found for 
any chosen kinetic energy of blow. 
It is thus possible to plot standard 
fatigue data and impact fatigue data 
on the same S-N diagram. In the 
former, the conventional maximum 
stress versus log of number of cycles- 
to-failure is plotted, while in the 
latter, the equivalent stress is plotted 
against the log of number of blows- 
to-failure. In all five cases, the impact 
endurance limit is about 85% of the 
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ISOBRITE 


PLATING 
BRIGHTENERS 


For Zinc, Cadmium, Copper and White Brass 
HAVE THE FOUR BIG FEATURES YOU ASKED FOR! 


When the Allied line of brighteners, now known as ISOBRITE, 
had the famous ARP trademark on them, we made a survey 

to find out exactly what you wanted most in brighteners. 

Your answers helped guide our research and development staff 
in evaluating and consolidating our new line. 


Now, here are the results—the industry’s most complete line— 
28 ISOBRITE Brighteners with these most-wanted features: 


1. LONGER LIFE 


Your own records will show ISOBRITE Brighteners give longest 
possible life in rack or barrel plating operations. 


You'll see for yourself that ISOBRITE Brighteners give a 
diamond-like sparkle that just can’t be matched. 


3. THROWING POWER 
Even if your product has deep recesses, you'll get a uniform, 
all-over brightness that only ISOBRITE Brighteners can give you. 


4. WIDER BRIGHT RANGE 
ISOBRITE Brighteners operate efficiently over exceptionally wide 
current density ranges and have greater tolerance for temperature change. 


Remember, there’s an ISOBRITE Brightener especially designed 
for your specific operations—whether you're rack or barrel plating 
zinc, cadmium, copper or white brass . . . an ISOBRITE Brightener 
that is entirely compatible with most other brighteners. Don’t just 
order brighteners—specify ISOBRITE. There is a difference! 


Your Allied Finishing Systems Engineer will be glad to discuss the benefits of 
ISOBRITE Brighteners in your operations. He's listed in your ‘phone book under 
“Plating Supplies.” Or, write for technical data and product list giving details 
of your operations. 


Allied Research Products, Ine. 4004-06 east MONUMENT ST., BALTIMORE 5, MD. 
Branch Plant: 400 Midland Avenue, Detroit 3, Michigan 
West Coast Licensee for Process Chemicals: L. H. Butcher Co. 


Rectifiers, Equipment and Supplies for Metal Finishing eatin, Brighteners Pp Equipment 
Circle 510 on Page 48-A 
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Impact Fatigue . . . 


conventional endurance limit. In 
other words, the impact fatigue test 
rates the several steels quantitatively 
in the same order as the conventional 
fatigue test does. This is not true 
when impact fatigue is compared to 
conventional single-blow impact 
test. 

The difference in the two types of 
fatigue tests is best shown by con- 
sidering the stress history of a single 
outer fiber of the specimen. In the 
rotating beam fatigue specimen the 
stress varies sinusoidally; from a 
maximum in tension through zero to 
a maximum compression and back 
through zero to a maximum in ten- 
sion per revolution. In the impact 
fatigue specimen this sine curve 
represents the envelope to 100 
stress peaks, one for each blow, 
which, therefore, vary in magnitude 
and direction (tension-compression) 
as the specimen rotates. Thus, ten- 
sile or compression peak stresses are 
attained only once in each 100 
blows. It may, therefore, be expected 
that when the peak stresses are 
applied 10 million times as is usual 
in fatigue tests, the impact endur- 
ance limit will be still lower. A 
few tests, in which the specimen was 


120,000 Ib. capacity XY Elecématic equipped with 
Automatic Program Controller and extended columns. 


HAVE NO CAPACITY LIMIT 


rotated 180° after each blow, have 
verified this assumption. Further 
work is in progress. F, FoRsCHER 


Originally conceived for testing such low tensile materials as plastic 
films, fibers, etc., the inherent versatility of Tinius Olsen XY 
Elec€matics to 12,000 Ibs, has sparked a demand for higher capac- 
ity models. Testing engineers throughout industry have grasped 
the unmatched advantages of the Olsen XY strip chart recorder 
and the wide variety of testing functions this machine performs. 


A minimum of eight testing ranges of as little as 1/200 capacity 
are built into the machine and are available at any time with the 
flip of the range selector switches. Any testing speed may be dialed 
and held constant under load by the variable speed motor drive. 
Testing stroke is unlimited. 


Coupled with Olsen strain instrumentation, accurate stress-strain 
curves can be made for any material, no matter how fragile. 
Automatic program controls further extend the variety of vital 
testing procedures, including stress, strain or crosshead cycling. 


Write today for full information on the incomparable line of 
Tinius Olsen XY Elec®matics—now available in any capacity to 


suit your testing requirements. 


TINIUS OLSEN 


TESTING MACHINE COMPANY 
2030 EASTON ROAD © WILLOW GROVE, PAs 


Testing and Balancing Machines 
Circle 541 on Page 48-A 


Future Heat Treating 
in Russia 


Digest of “Direction of Fu- 
ture Developments in the Heat 
Treatment of Metals”, Metallo- 
vedenie i Termicheskaia Obra- 
botka, No. 5, 1959, p. 2-6. 


HE CURRENT seven-year plan of 

U.S.S.R. economic development 
devotes considerable attention to 
progress in machine building, par- 
ticularly heavy machinery. Antici- 
pated sharp increases in production 
of machine tools, automobiles and 
tractors, development in the aircraft 
industry, and unprecedented growth 
of measuring and metalcutting tool 
production will require large me- 
chanical working and heat treating 
capacity. 

Hardening, tempering, annealing, 
chemical-thermal treatment, forging 
and forming are some of the proc- 


METAL PROGRESS 


¢ 
4 
ial 
| 
Elecématics 
; j 
| 7 
i 
i 
pee 
Trademark 
172 


conds of inferno 


A rocket engine capable of more than 50,000 Ibs. of static thrust, developed and built 
by Reaction Motors Division of Thiokol Chemical Corporation, will soon send the fabulous 
X-15 searing into outer space. To protect the engine from its own fierce blast, key metal 


surfaces are coated with ROKIDE “Z" coating. 


... but ROKIDE* Coating 
will protect the X-15’s 
engine during critical 

burning time 


As the manned X-15 bores into the sky 
for 100 miles or more in its forthcoming 
tests, rocket-powered flight will last only 
for about a minute and a half. However, 
protecting the engine from the tremendous 
heat and erosive force of its propellants for 
even that brief span posed a major design 
problem. Engineers solved it by coating 
critical metal surfaces with ROKIDE “Z”’ 
zirconium oxide — one of today’s most 
rugged refractory materials. 


This is typical of the new and challeng- 
ing requirements which all three types of 
hard, crystalline ROKIDE spray coatings 
(“A”’, “ZS” and “Z’’) are meeting in the 
ever-expanding air and space programs. 
These outstanding: members of Norton 
Company’s large family of refractory ma- 
terials, as well as other experimental coat- 
ings such as chrome oxide, spinel, etc., are 
providing protection against high heat and 
abrasion, corrosion and severe thermal 
shock in supersonic aircraft, missiles and 
rockets. 

Norton Company maintains ROKIDE 
coating facilities on both coasts: at the 
main plant in Worcester, Mass., and at its 
plant in Santa Clara, California. For de- 
tails, write NORTON COMPANY, Refractories 
Division, 321 New Bond St., Worcester 6, 
Massachusetts. 

*Trade-Mark Reg. U. S. Pat. Off. and Foreign Countries 


NORTON 


REFRACTORIES 
Engineered... R. .. Prescribed 


Making better products...to make your products better 
NORTON PRODUCTS Abrasives + Grinding Wheels + Grinding Machines + Refractories + Electrochemicals — BEHR-MANNING DIVISION Coated Abrasives + Sharpening Stones + Prescure-Sensitive Tapes 
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FINKL Vacuum Degassed 


DIE BLOCKS and FORGINGS 
give longer service life! 


Two 15,800 pound Finkl dies for 
precision aircraft forgings 


DIE BLOCKS made with Finkl 
vacuum degassed EF steels have 
greater ductility and toughness. This 
means that the chances of breakage 
under severe operating conditions is 
reduced. More production time is 
made available. With about 50°, of 
the non-metallic inclusions removed 
from the steel, machineability is im- 
proved. Fewer tool regrinds are nec- 
essary. Higher lusters are obtainable 
in the impressions. 

We supply 5 types of pre-hardened, 
ready-to-use die blocks, inserts and 
hot work tools in Special Machining 
Quality steel. 


36,000 pound die holder for use in titanium 
production, completely machined by Finkl 
FORGINGS by Fink! are famous 
for their strength and resistance to 
withstand the severe stresses and 
strains imposed by modern heavy- 
duty machinery. Now available on 
request are Finkl vacuum degassed 
EF alloy steel forgings. The degassed 
steel adds even greater toughness 
and ductility to the forging, and 
the cleaner steel substantially in- 

creases tool life. 


We also furnish forged parts of 
carbon steels in smooth forged, 
rough- or finished—machined con- 
dition. 


FORGE REPAIR PARTS with the advantages of Finkl vacuum degassed 
EF alloy steels are also available on request. 


A.Finki&SonsCo. 


2011 SOUTHPORT AVENUE + CHICAGO 14, ILLINOIS 


Offices in: DETROIT » CLEVELAND * PITTSBURGH + INDIANAPOLIS 

HOUSTON * ST. PAUL + COLORADO SPRINGS + SAN FRANCISCO 

SEATTLE BIRMINGHAM KANSAS CITY BOSTON LOS ANGELES 

Warehouses in: CHICAGO + DETROIT » BOSTON + LOS ANGELES 
Circle 542 on Page 48-A 
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esses which consume large amounts 
of energy. Improvements in these 
processes are designed to decrease 
energy consumption wherever prac- 
ticable, and to permit production 
line heat treating. 

At the present time, frequencies 
of 50, 2500 to 10,000 and 70,000 to 
1,000,000 are used in induction heat- 
ing for heat treatment, forging, form- 
ing, rolling, bending, cutting and 
knurling, in connection with welding 
and overlaying, in casting produc- 
tion, and other processes. From 1959 
to 1965 heavy machine building 
plants will develop applications of 
induction heating for surface harden- 
ing of large and complex parts, for 
localized heating in heat treatment 
of carbon and alloy steel weldments, 
and for general and local heating of 
billets prior to hot working. 

Special attention will be paid to 
development of methods to improve 
the surface mechanical properties of 
large and complex parts such as 
gears, crankshafts, and similar items. 
The Likhachev Automobile Factory 
and Central Research Institute for 
Ferrous Metallurgy in Moscow are 
developing new shallow hardening 
steel compositions. 

In deep hardening of gear teeth, 
high hardness is usually imparted to 
the outer layer. The new steels will 
achieve sufficient hardness at the 
periphery, and will be relatively deep 
hardening in complex parts. 

The electroslag welding method 
permits substitution of weldments 
for large forgings and castings. 
Local induction heating of electro- 
slag weldments will improve the 
microstructure in the weld area, de- 
crease distortion, and _ eliminate 
straightening operations, and shorten 
the thermal treatment cycles. An im- 
portant advantage of new technology 
is the possibility of local heat treat- 
ment without removing the work- 
piece from the welding area. 

Wide uses of induction heating 
are expected in connection with 
other welding and hard surface 
methods. Welding of power gen- 
erative machinery parts of large 
thickness will require 575° F. pre- 
heat in the welded zone areas. In- 
duction heating, which generates 
heat within the part, seems more 
advantageous than multiple gas 
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Just suppose 
YOU cut reject costs 


Yes, you'd certainly look good 


to your company and associates... 


and benefit your company. 
And it’s not so wild a dream, either. 
Many companies have cut the costs of rejects and 


re-work much more than 50%. Simply by wisely 
planned use of Magnafiux Testing Systems to 


thing. Magnafiux has been helping companies 
big and little to save money and assure reliable 
standards for over thirty years. You can be sure 


find cracks and other defects in materials and 
parts—before time, money and man-power are 
wasted in useless later processing. 

Savings don’t stop there, either. Usually they 
also include increased production capacity, better 
maintained delivery or assembly schedules, sat- 
isfied customers who stay loyal against competi- 
tors’ coaxings. All of which is very good for 
anyone with a personal stake in his company’s 


- stampings or forgings . . 


of getting the benefits you expect—whether to 
meet tight specifications, job lot or modest in- 
spection standards . . . test castings, weldments, 
. even for hardness, 
conductivity and alloy tests. Leading engineers, 
production managers and testing laboratories 
back your judgement in choosing a Magnafiux 
Test System, all sold on a money-back guaran- 
teed basis. 


future. 


This year many delayed capital appropriations 
Best part of it is, you don’t have to risk a 


will come up for decision. Can you really afford 
any longer to get along without savings from a Mag- 
naflux Test System? Ask to have a Magnaflux 
engineer check your needs with you . . . then 
make a Magnaflux Test System a “‘must have’”’ 
item. 


Many Magnaflux Test Systems: 
SSSRALER-EABHAGLS to test magnetic materials for cracks, seams, 
etc. 


ZYGLO for non-magnetic and other materials—cracks, leaks, etc. 
SONIZON Ultrasonic Thickness Measuring. 
STRESSCOAT to find and measure stress on parts—overall. 


MAGNATEST electronic testing for hardness, conductivity, alloy, prox- 
imity, and many more. 


And still other methods and techniques, some completely new. 


MAGNAFLUX CORPORATION 
A Subsidiary of General Mills 

7322 West Lawrence Avenue, Chicago 31, Illinois 

New York 36 Pittsburgh 36 Cleveland 15 

Detroit 11 Dallas 35 Los Angeles 22 


The Hallmark of Q 


High speed inspection of forged universal yoke shafts using conveyor- = tele 


ized Magnaglo unit. Under black lights cracks become glowing signals 
impossible to miss and easy to judge. 
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torch or electric muffle furnace for 
this work. 

In forging and forming, efforts 
will be directed toward decreasing 
the billet or blank heating time, and 
reducing metal losses due to over- 
heating. Recent work has shown 
that the heating rates can be con- 
siderably increased and that rapid 
induction heating is very effective 


for this purpose. This is of particu- 
lar importance in working high-alloy 
steels and heat resistant alloys. Re- 
search has shown that rapid heating, 
which permits a higher upper limit 
of the forging range, results in the 
considerable decrease (up to 40%) in 
deformation effort required in hot 
working. This also often eliminates 
intermediate reheatings in working 
very large ingots. Induction heating 
has been found to be particularly 
effective in heating blanks for shap- 


Use B&P’s Experience When You Need 
_ Lightweight Design and Fabrication 


we > 


Because of strict weight limitation re- 
quirements and because of the superior 
properties of Magnesium-thorium alloys 
at elevated temperatures almost all 
missile systems use Magnesium. 


For missile structures whether Magne- 
sium, aluminum, titanium or the newer, 
more exotic metals, Brooks & Perkins is 
experienced in both design and fabrica- 
tion. B&P has excellent facilities coupled 
with years of light metal experience in 
aircraft, satellite and missile assemblies. 


Write for 
technical data 
and literature. 


BROOKS & PERKINS, INC. 


1958 W. FORT ST. . DETROIT 16, MICHIGAN 


60-T-13 
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ing in automatic or semi-automatic 
machines, in gear teeth forming, 
tube bending, ring rolling, and ex- 
panding, groove forming, and the 
like. The number of factories (such 
as the Moscow Small Automobile 
Plant and Gorky Automobile Fac- 
tory) which use induction as their 
sole heating method for forging and 
forming is expected to increase. 

The uses of chemical-thermal 
treatment are expected to increase. 
One of these is the newly developed 
gas hardening method with prior in- 
duction heating. A typical installa- 
tion for case hardening, combined 
with isothermal hardening, is used 
by the Likhachey Automobile Fac- 
tory for case hardening gear teeth. 
It case hardens gears at a rate of 650 
Ib. per hr. The installation performs 
the following operations: nitriding 
or carburizing, isothermal hardening, 
removal of salt or oil from case 
hardened gears, and low-temperature 
tempering. It takes 45 min. to 
achieve a hardened layer instead of 
the usual 8 hr. Gas temperature 
and composition in the hardening 
chamber are automatically con- 
trolled. Loading, moving, and un- 
loading of parts is automatic, and the 
operator merely starts loading of 
gears and observes the control 
instruments. Such installations will 
contribute to development of com- 
plex automatic production lines and 
improve working conditions. 

Savings are expected when the 
heat treating operations are shifted 
from machine building plants to the 
rolling mills. Cost of these opera- 
tions, performed by heating installa- 
tions placed in the rolling mill pro- 
duction lines, is expected to be much 
lower than hardening and tempering 
performed at the machine building 
plants. Similarly, it will be econom- 
ical to heat treat immediately after 
forging or forming. Proper thermal- 
mechanical cycle in hot working will 
permit quenching from the forging 
temperature, eliminating the subse- 
quent heating for hardening. 

Of economic importance in ther- 
mal treatment of large components is 
rapid heating for hardening and tem- 
pering by placing parts into hot fur- 
naces. A method of “self-tempering” 
after surface hardening of steel parts, 
investigated at the Likhachev Auto 
Factory, is based upon strictly con- 
trolled length and rate of cooling 
after hardening. The heat remain- 
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Consistent Uniformity as you 
Bright Harden and Bright 


Anneal at 1850° — 100 pounds of 
stainless parts per hour! 


Parts travel 
individually through the 
entire processing cycle 


This new Shaker Hearth employs an alloy muffle which 
incorporates a purging, heating and water-jacketed cooling section, 
and seals into an automatic conveyorized oil tank. 

Among the many operational advantages of this new line of 
Reciprocating Furnaces, are the maintenance of —80° to —90° F, 


YEARS OF 
ATEARS oF, 2 dew points . . . complete atmosphere uniformity throughout the 


processing cycle . . . and a very low consumption of atmosphere gas... 
Batch purging, heating and cooling are eliminated . . . and the parts 
may be observed throughout the entire processing cycle through 

openings in the charge and discharge ends of the muffle. 


Write for Equipment Catalog #8A. 


_ AMERICAN GAS FURNACE Co. 
“Pioneers sn since 1878" 
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At Los Angeles in the summer of ‘58, the 
nation’s leading metals engineers met in an 
ASM conference on “Fabrication of Molyb- 
denum”. Molybdenum fabrication tech- 
nology, as developed and practiced by 
leading fabricators, was discussed in 18 
papers presented at the conference. Much 
of the information was previously classified 
and appears in print for the first time in 


ORDER TODAY: 


Technical Books 
Metals Park 
Novelty, Ohio 


Please send 


Name: 


TABLE OF CONTENTS 


Molybdenum es a Structural Material ® Development of Molybdenum Base Alloys © 
The Production and Quality of Molybdenum Mill Products © Welding of Molybdenum 
® Brazing of Molybdenum ® Ultrasonic Welding © Fusion Welding of Molybdenum 
Power Plant Components ® Protective Coating Systems for Molybdenum ® Machining 
of Molybdenum and Its Alloys © Press Extrusion of Molybdenum Tubing ® Forming of 
Clad Molybdenum ® Forging of Molybdenum and Its Alloys @ Testing in the Hot Rod 
Engine ® Coating Development and Evaluation ® Fabrication of Electronic Tube Com- 
ponents @ Missile Structures and Powerplants @ Molybdenum Requirements in the 
Petrochemical Industry © Molybdenum Requirements in the Nuclear Energy Field. 


AMERICAN SOCIETY FOR METALS 


copy(s) of Fabrication of Molybdenum @ $6.50 
each. Enclosed find: $. 


A NEW ASM BOOK FOR MOLY-CONSCIOUS 
METALS ENGINEERS 


“Fabrication of Molybdenum’. To make 
this book available to you as quickly as 
possible, ASM has published it in a paper 
bound, 8% x 11 inch format. You or your 
firm can benefit from the great promise 
that molybdenum holds in high temperature 
applications, and “Fabrication of Molyb- 
denum” will bring you up to date on all 
that is known about molybdenum today. 


FABRICATION OF MOLYBDENUM-—-18 CHAPTERS—221 ?P.— 
ILLUSTRATED—PAPER BOUND—8%2 x 11—$6.50 


Bill me: [) Bill my company: (1) 


Street: 


Zone: __ State: 


Check here for free ASM Book Catalog: [1] yy 
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ing in the part at the end of the cool- 
ing cycle is sufficient for tempering. 
This method saves heating costs, 
shortens the work cycle, decreases 
the furnace requirements, and makes 
it possible to integrate heat treat- 
ment into the mechanical production 
line. 

In heat treatment of nonferrous 
metals, recent developments have in- 
cluded a sharp decrease in heating 
for hardening of aluminum castings. 
Casting is combined with hardening, 
and hardening with tempering. The 
annealing time is reduced through 
increase in temperature. Application 
of isothermal hardening in aluminum 
and other alloys should increase plas- 
tic properties of the casting. 

A. B. TresMEN 


Energy in Deformed 
Metals 


Digest of “The Energy Stored 
in Deformed Metals”, by L. M. 
Clarebrough and M. E. Har- 
greaves, Journal, Australian In- 
stitute of Metals, Vol. 3, May 
1958, p. 31-43. 


HIS IS A REVIEW of the measure- 

ment of stored energy in plasti- 
cally deformed copper and nickel. 
The work was performed at the Uni- 
versity of Melbourne in Australia re- 
cently. First, a very short and ele- 
mentary discussion of two types of 
lattice defects — the dislocation and 
the vacancy ~ is given. Ina simple 
way, it is shown how dislocations are 
necessary to explain slip in crystals. 
During plastic deformation, the 
number of dislocations and vacancies 
is increased. Whereas most of the 
external energy introduced into a 
sample during plastic deformation is 
dissipated as heat, a small fraction 
becomes stored due to the lattice dis- 
tortion around these defects. If a 
deformed crystal is annealed at in- 
creasing temperature, the various 
kinds of defects are eliminated at 
different temperatures, and the en- 
ergy stored in the lattice distortion 
is liberated. By measuring released 
energy, it is possible to obtain infor- 
mation on type and concentration of 
defects. 

Since the amount of heat liberated 
is very small, reliable measurements 
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Custom made for rugged service 


Big-job earth moving is a slamming, bruising, round-the-clock 
business that plays hob with construction machinery. Only the best 
custom-designed equipment can take the brutal punishment. 

And only the finest, toughest seamless tubing can come up smiling 
in this rugged service. Custom quality Ostuco Tubing stands the 
gaff . . . fills the bill order after order. 

If you’re now compromising with stock tubing, consider all the 
advantages of custom quality Ostuco Tubing. Consistently you 
receive the exact tubing you want—the size, length, grade—with 
the strength and tolerances you need. For machined parts, you get 
our recommended rough size guaranteed to clean up. 

With all these advantages, custom quality Ostuco Tubing is 
obtainable in small minimum quantities-—as little as a few hundred 
feet. Contact your nearest Ohio Seamless representative, or the 
plant at Shelby, Ohio—Birthplace of the Seamless Steel Tube Complimentary of 
Industry in America. A-12824 CS60 “‘Ostuco Steel Tubing” sent on 

Scale model illustrated built to 3.5 mm scale. request. 


OHIO SEAMLESS TUBE 


Division of Copperweld Steel Company «+ SHELBY, OHIO 


and Electric Resistance Welded Stee/ Tubing Fabricating and Forging 


OSsTUCcCO 


STEEL TUBING 


> 


a (Wynnewood), Pittsburgh, Rochester, St. Louis, St. Paul, Salt 
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Deformed Metals . . . 


are only possible in a differential 
calorimeter where the power input 
to heat a deformed sample to a given 
temperature is compared with the 
power input to heat an undeformed, 
but otherwise identical, sample. A 
description of the experimental ar- 
rangement is given. 

Finally, the experimental meas- 
urements of stored energy in copper 


and nickel samples deformed in tor- 
sion are given. Most of the energy 
in deformed pure copper is released 
in a single peak between 200°C. 
(400° F.) and 300°C, (575° F) at 
which recrystallization takes place. 
At the same time, the hardness and 
the electrical resistivity drop. Both 
properties have a lower value in the 
recrystallization structure which has 
a lower dislocation density. As the 
extent of deformation increases, the 
total energy stored increases and the 


AND BOTH MILLERS. 


BIG TWIN combination ac-dc welders work 
from single phase service — deliver new 
convenience and economy. Two a-c amper- 
age ranges of 20-125 and 60-290 plus two 
d-c ranges of 18-100 and 65-290 amps master 
nearly every welding requirement from light 
gauge metal to structural pieces. Movable 
shunt type transformer affords infinite cur- 
rent adjustments. Other features include: 
Horizontal design for easy stacking; weather- 
resistant construction and Class B insula- 
tion; Miller-built semi-metallic rectifier for 
best d-c welding; high open circuit voltages 
and new weld stabilizer. This is THE all- 
time, all-around welder! 


miller manuractuRiNe COMPANY, INC. AP 


Distributed in Canada by Canadian Liquid Air Co., Ltd, Montreal 


LITTLE TWIN ac-de combination welder has 
two a-c amperage ranges of 20-115 and 
60-180 plus one d-c range of 40-150. Operat- 
ing from single phase service, this Miller 
model incorporates many design and con- 
struction features usually found only in large 
industrial types. These include really rugged 
construction, forced air cooling, new Miller 
semi-metallic rectifier, movable shunt type 
current control, new weld stabilizer and 
open circuit voltage in abundance. Power 
factor correction is available on both models. 
Complete specifications on either model 
will be sent promptly upon request. 
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recrystallization temperature  de- 
creases. By using theoretical values 
for the dislocation energy, it is pos- 
sible to obtain measurements of dis- 
location density in deformed metals. 
Introduction of impurity atoms 
tends to increase the recrystalliza- 
tion temperature, and also changes 
the recovery spectrum, This is ex- 
plained by the interaction between 
dislocations and impurity atoms 
which impede the movement of dis- 
locations. Also, the arrangement of 
dislocations has an important influ- 
ence on the released energy. This 
is shown by deforming samples of 
various grain sizes and by deforming 
in fatigue tests. Whereas in copper 
the mobility of vacancies is so high 
that they anneal out easily at room 
temperature (and hence do not show 
an effect in these experiments), it is 
possible to observe annealing in 
nickel. There, the recovery spec- 
trum shows the recrystallization peak 
around 600°C. (1100°F.) but 
there is also a second peak around 
200° C. (400° F.) which is attrib- 
uted to the disappearance of vacan- 
cies. As expected for this process, 
there is no change in hardness, but 
there is a slight decrease in electrical 
resistivity. By measuring at the 
same time the increase in density of 
the crystal, one can obtain informa- 
tion on the number of vacancies 
and hence also on the energy per 
vacancy. Finally, the change in 
density per dislocations can be meas- 
ured. This value compared favor- 
ably with some later theoretical esti- 
mates made. G. ScHOECK 


Cold Working Surfaces 


Digest of “New Method of 
Working Machine Part Contact 
Surfaces”, Metallovedenia i Ob- 
rabotka Metallov, No. 11, 1958. 


HIS NEW METHOD of working the 

surfaces of steel parts results in 
increased fatigue strength and 
resistance to slip between the con- 
tacting surfaces. Essentially, this 
method consists of cold working the 
surfaces by hammering. Grooves, 
1/32 in. and deeper, are hammered 
out, and the surface is strengthened 
due to the direction of the cold 
worked fibers. Hardness of the 
surface layer is increased 40%, 
and favorable compressive residual 
stresses of up to 850 Ib. per sq.in. 

(Continued on page 190) 
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ARC ETCH ANY METAL 
OF ANY HARDNESS — Quickly —Easily 


WITH THE 


ACTOGRAP PEN 


Only the ACTOGRAP metal etching pen has all of 

these features: 

Freedom from me- only 

chanical vibration . $ j 

@ Short, powerful, con- . 

tinuous arc—will etch d 

hardest metals rapidly y 
transformer 

@ Does not heat up 

@ Light and smalli—can 

be used like a fountain 


pen 

© Operates optionally on 
battery or conventional 
AC current 

@ Depth of etch can be 
regulated by an exclu- 
Sive selection switch 


222 York Rood 
TUrner 4-8494 
Jenkintown, Pa. 
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METAL 


PROBLEMS 


Send for your copy of 
the Ramco Bulletin. 


See how Ramco 2- and 
3-dip degreasers can ie 
solve your metal 
parts cleaning prob- 
lems, economically, 


efficiently, safely! 
Write today! 


AMCO EQUIPMENT CORP. 


OfV. OF RANDALL MFG. CO., Inc. 
809 Edgewater Rd., New York 39, N.Y. 
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Aluminum Soldering Flux 
Now ...Solder Aluminum 
with ordinary soft solders 


® Use 60-40, 50- 
50, 40-60, 95-5 


solders 
® No new solder- 
e ing techniques 

ALUMINUM 
A major break- 
through in alu- 
minum fabrication. 
Use ordinary soft 
solders . . . ordinary irons or torches. 
Remarkable fluxing action achieves perfect 
bond of aluminum and solder making pos- 
sible the fabrication of aluminum to alu- 
minum, copper, steel, stainless steel, gal- 
vanized iron, brass, etc. 


Write for sample, or 


engineering help on 
any fiuxing problem. 
LAKE Chemical Co. 


3079 W. Carroll Ave., 
Chicago mM. 


Silver Solder Flux Stainless Steel & Chrome 
Greater speed and economy Soldering Flux 


for all silver soldering! 
Packed in tins Safer... Surer... Cleaner 
© Will not harden 


Non-acid . Doesn't stain 
Self-cleaning Non-acid 
For all silver sol- ® Self-cleaning 


dering in 1125° to Suver For soldering all 

1700° F. heat range, stainless steel and 

Dissolves all refrace LUX chrome, _includin sree 
tory and non-refrac- ‘ “ 300-400 Series, wit! 

tory exides . | soft sol- 

solder penetrates ders. Requires no 

completely into all areas, for maximum pre-cleaning. Acid- 

strength without solder waste. Completely free formulation will not pit metals, leaves 
acid Tree—will not pit or stain metals. Al- no stains. No buckling on even light gauge 
ways-ready paste form . . . will not harden work. In liquid or paste form. 

or crystallize. 


Write for or for or 
neering on 

By & any fluxing problem. 

LAKE Chemical Co. LAKE Chemical Co. 


3079 W. Carroll Ave., 3079 W. Carroll Ave., 
Chicago 12, Ill. 4 Chicago 12, Ill. 
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Mark any parts while cold, 
identify them after heat treating 
regardless of temperatures and oil 
or Use ““M” u 
*M-10” up to 2400° 


WRITE ON LETTERHEAD FOR complete 
Pointstik ink 


MARKAL COMPANY 
3118 West Carroll Ave. Chicago 12, Ill. 
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METAL PROGRESS 


“C-R" COATINGS 


MARKAL “C-R” COATINGS will protect a 
wide range of metals at temperatures up to 
2100° F. against carburizing, corrosion, scaling 
and the like. Coatings are easily applied, easily 
removed after treating. 

WRITE ON LETTERHEAD FOR complete 

Coating information. 


MARKAL COMPANY 3118 West Carroll Avenue © Chicago 12, Illinois 
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IDENTIFY PARTS STOP CARBURIZING, DECARBURIZING, 
AINTSTIK MARKERS | COATING 
; 
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CUT YOUR COSTS OF PRODUCTION with 
FLAME HARDENING 


CONSULT OUR ENGINEERS 
Let us help you—from 
design to completed machine 


Flame Hardening 
does not require 
furnaces 


| 

| 

| 

| 

| 

| We flame harden all sizes & shapes | 

| —one pound to 80,000 pounds _| Write for either 

| | or both of these 

| | beautifully 

| | illustrated 

| catalogs “Flame 

| | Hardened Rolls” or 

| “Flame Hardened 
Machine Ways,” 
each includes 
charts and 
valuable data. 


We can flame harden anything 
that can be shipped over the 
highway or on a freight car 


DETROM 4 
oO ame hardening co. 


17644 Mt. Elliott Ave. + Detroit 12, Mich.» TWinbrook 1-2936 
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Gle-QUARTZ 


heat ranges of 2,000°F. and 2,300°F., IMMERSION 


the 7055 Series operates on standard - 

line voltage. No transformer is nec- pa HEATER 
essary. All models include . . . auto- : pr 
matic controls, thermocouple, lead 
wire, magnetic contactor, horizontal 
swing door or vertical lift door, posi- 


The Lucifer 7055 Series was designed 
for hardening, annealing, drawing, 
preheating and special applications. 
Produced in 13 Standard models with 


Your Every 
: Heating Requirement 


FOR SALE 


tive seal cam lock, cast hearth plate, 
long-life elements (low watt density), 
and our exclusive one piece monolithic 


HOLCROFT GAS FIRED RADIANT 
TUBE BRIGHT HARDENING FURNACE 
with 36” wide cast link belt, 15’ long 
effective heating, and conveyorized 


INSTANT HEATING 
@ SHOCK-PROOF 
@ AVAILABLE IN ALL VOLTAGES 


holders that permit rapid element re- 
placement at a minimum of down- 
time. HOLCROFT RECIRCULATING DRAW 
For a free brochure or engineering FURNACE, gas fired, 1250° F, 36” wide, 
advice, write, wire or call. . . 20’ long. 


LUCIFER FURNACES, INC. PAPESCH & KOLSTAD, INC. 


Neshaminy 7, Pennsylvania 10706 CAPITAL AVENUE 
Diamond 3-0411 OAK PARK 37, MICHIGAN 
P.O. Box 3726 Phone, Lincoln 7-6400 


quench. —WATTAGES, 
ONE AND THREE PHASE 


Available from your or 
Electroplating Distributor, 


WRITE FOR BULLETIN > 


Yle-QUARTZ 


ELECTRIC HEATER CO., INC., Willoughby, Ohio 
*Reg. U.S. Pat. Off Phone: Willoughby 2-5521 
LIST NO. 221 ON INFO-COUPON PAGE 189 LIST NO. 145 ON INFO-COUPON PAGE 189 
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Heat treaters and heat treat- 

ing departments are cutting costs 

by using baskets, trays, retorts, car- 

burizing boxes and muffles of Cor-Wal construction 

—the corrugated alloy absorbs the thermal stresses. This 
important development results in savings for users. 
Send for literature. 


CORPORATION 


CHICAGO 39, ILLINOIS 


STANWOOD: 
4817 W. CORTLAND ST... 
Representatives tu Principal Cities 
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HUPPERT ELECTRIC FURNACES AND OVENS 


BENCH 


Range: 300°F. to 2000°F. 
High temperature, heavy-duty Kanthal 


elements 
Multi-insulation 


Counter-weighted, tight-sealing door 
Operational pilot light 
Shipped ready to operate 


for Laboratory and Plant 


MODELS 


controller. 


Inside 
Dimensions 


Prices 
220 Volt Single Phase efficiency. 


Wide | High | Deep 


“For 2300°F. add 


With Huppert| With Elec- 
Input tronic Prop 
Controller Controller 


Model No. 


$95.00 to No. 11 and 1 
No. 12, and $105.00 to 12° 
No. 12A. No. 12A can 12° 
be furnished for 3 phase 18” 


$296.00 $480.00 
306.00 518.00 
382.00 590.00 


FLOOR MODELS 

28 Standard Sizes 
Continuous operation to 1850°F.— 
intermittent to 1950°F.—for 2300°F. 
on special order. 
Complete with automatic electronic 


Tight-sealing, wedge-type door. 
Multi-insulation for maximum 


Shipped Ready to Operate 
16 Illustrated $1050.00 


490.00 698.00 


at no additional cost 
For floor model add 
$52.00 to above prices. 
No. 869 stondardly sup- 
plied for 2200°F. 


. H. 


HUPPERT 
of Electric Furnaces and 
For A Quarter Century 


6844 Cottage Grove Ave., Chicago 37, Illinois 


Also Special Models for Specific Requirements. 


Special KR-Supers to 3100 F. 


Request new catalog on 
furnaces, ovens, data, prices. 
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UNIFORM HEAT 


throughout the work space 


30 STANDARD 
CABINET 
MODELS 


Model HB Electric or 
Gas Cabinet Oven 


@ Work space from 4.6 to 72.3 cu. ft. 
@ Temp. ranges from 100 to 1250° F. 
@ Electronic combustion devices for gas models 
@ Indicating control instrument 
@ Factory tested 
Other ovens from $121.50 up; 
walk-in and custom built models. 
Write for details 


Specialists in Heat Process Equipment 


GRIEFVE-HENDRY 
1339 N. Elston Ave. Chicago 22, Il. 
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laboratory, bench, 


SUB-ZERO 


low temperature equipment 


@ shrink fits 
@ seasoning 
gauges 
@ precision 
tools 


1.5 and 6.5 cu. ft. capacities. 
Sturdy, all-steel cabinet con- 
struction. Sublids for constant 
inside temperature. Adjust- 
@ laboratory able temperature controls. 

testing Special accessories available. 


For more information— 
Write to: 2VCO 


Deerfield, Michigan 
Specialists in Trend-Setting Refrigeration 


INC. 
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METAL PROGRESS 


GOOD USED EQUIPMENT AT 
REAL SAVINGS TO YOU! 


1—Like-new roller hearth furnace! Surface 
Combustion recirculating oven for temper- 
ing or aluminum treating. Inside work 
dimensions: 49 in. wide x 17% ft. long x 
26 in. high. 

Gas-fired for 1200° F. Complete with auto- 
matic doors and fast discharge mechanism, 
two recirculating fans with 15 hp. (220x 
440x3) motors, turbocompressor, safety 
equipment, and Brown Electronic strip 
chart recorders. 


1—Same as above except 45 ft. long. Brick- 
lined. 


Other Roller Hearths in stock: 

G. E.—heat chamber 24 in. wide; heated 
length, 20 ft., height 10 in.; temperature 
range to 2100° F. 120 kw. 440/3. 

Electric Furnace Co.—heat chamber 49 in. 
wide; length 34 ft., height 14 in.; temper- 
ature range to 2050° F. Radiant tube. 
Electric Furnace Co.—heat chamber 66 in. 
wide; length 30 ft., height 43 in.; temper- 
ature range to 1500° F. Gas fired. 

Electric Furnace Co.—heat chamber 66 in. 
wide; length 35 ft., height 25 in.; temper- 
ature range to 1800” F. Gas fired. 

Price: 25% of replacement cost. 


EQUIPMENT EXCH 
9825 GREELEY 
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DOW 


BATCH 
FURNACES 


CONTROLLED 
ATMOSPHERE 
EQUIPMENT 
FOR EVERY 
APPLICATION 


STANDARD 
HEARTH SIZES 


20” Wide—30” Long 
24” Wide—36" Long 
30” Wide—48” Long 
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Regulate and control 
electric ovens 
and furnaces 

better, accurately, 

and efficiently with 


SORGEL 


Saturable Reactors 


Any amount of A.C. power from 1 Kva 
to 3000 Kva, single phase or 3-phase, at 
any voltage, can be controlled, regulated, 
and varied in stepless increments, with 
SORGEL Saturable Reactors. 

The control can be a small manually oper- 
ated hand wheel that can be placed in any 
desired location, or it can be automatically 
controlled, regulated and varied by a 
thermostat or any other instrument or 
device. 

SORGEL reactors are designed to meet 
your exact requirements. Let us know 
what your problems and requirements are, 
and we will submit our recommendations 
with complete information. 


Write for Bulletin 658. 


Saturable Reactor 
with tap changing transformer 


Also a complete line of 
dry-type transformers. 
All standard and intermediate ratings, 


% Kva to 10,000 Kva, 
120 to 15,000 volts. 


Sales Engineers in principal cities 
Consult the classified section of your tele- 
phone directory, under the heading “Trans- 
formers,” or communicate with our factory. 


Sorgel Electric Company 


834 W. National Ave., Milwaukee 4, Wis. 
Over 40 years of electrical manufacturing 
development 
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You can read temperatures 
instantly with the 


SHAWMETER 


direct-reading 
two-color pyrometer 


For flowing, moving or 
stationary objects 


Send for new 
bulletin that 
ives detailed in- 


SHAW INSTRUMENT CORPORATION ag on 
P.O. Box M-46, Latrobe, Pennsylvania 
LIST NO. 205 ON INFO-COUPON PAGE [89 


NON-DESTRUCTIVE 
COATING THICKNESS TESTER 


the QUENZINE STORY 


Low priced, more readily available carbon 
steels can often replace alloy steels when 
quenched in Beacon 
Quenching Oils with 
QUENZINE added. 
Por information on 
this new additive and 
other Beacon Brand 
Heat Treating Com- 
pounds write to... 


ALDRIDGE 
NON-DESTRUCTIVE INDUSTRIAL OILS, Inc. 
DIRECT-READING 


@ Instantly measures the thickness LIST NO. 100 ON INFO-COUPON PAGE 189 
of metallic and non-metallic coat- 
ings and films 

@ Based on eddy-current principles 

@ Enables measurements on small or 
otherwise inaccessible areas 


3401 W. 140th St., Cleveland 11, Ohio 


This portable instrument for both lab- 
oratory and production use, gives fast, 
accurate and direct readings of virtu- 
ally any coating on any base, including: 


@ Metal coatings (such as plating) on 
metal base (magnetic and non- 
magnetic) 

@ Non-metallic coatings (such as 
paint, anodizing, hard-coat,ceramic) 
on metal base 

@ Metal films (such as vacuum met- 
alizing) on non-metallic base (plas- 
tics, ceramics) 

Write for latest bulletins and ques- TESTER 

tionnaire to help solve your thickness 


testing problems 


© CLAMPS, JAWS & BASE PLATE ARE ELIMINATED 
@ NO CONVERSIONS OR CALCULATIONS 
© TEST ANY SIZE, SHAPE OR TYPE METAL 
© NO SKILL REQUIRED 
NIT © SCALE READINGS IN ROCKWELL & BRINELL 

U PROCESS ACCURACY GUARANTEED 
Many thousands used by industry and government. 

" Write, wire or call for dditional’ details and prices. 
ASSEMBLIES, INC. NEWAGE INDUSTRIES, INC. 
222 York Road Jenkintown 6. Pennsylvania 
TUrner 4-8494 Dept. MP 
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HARDNESS TESTING 
SHORE SCLEROSCOPE 


Pioneer American 
Standard Since 
1907 


Available in Model C-2 
(illustrated), or Model 
D dial indicating with 
equivalent Brinell & 
Rockwell C Hardness 
Numbers. May be used 
freehand or mounted on 
bench clamp. 


OVER 40,000 
IN USE 


SHORE INSTRUMENT & MFG. CO., INC. 
90-35M Van Wyck Exp., Jamaica 35, N.Y. 
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MAGNETIC ANALYSIS... 


MULTI-METHOD EQUIPMENT 


Electronic equipment for non-destructive 
production inspection of steel bars, wire 
rod, and tubing. Detects mechanical faults 
and variations in composition and physical 
properties. Average inspection speed — 120 
ft. per minute. 


THERMOCOUPLES 


PROTECTION TUBES 

THERMOCOUPLE WIRES 
LEAD WIRE 

INSULATORS 


PROMPT 
SHIPMENT 
from STOCK 


REQUEST 
CATALOG 
and QUOTATION 


ARKLAY S. RICHARDS CO., INC. 
manufacturers since 1938 
74 Winchester Street 
NEWTON HIGHLANDS 61, MASS. 
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pletely free of cold working or heat distortion and 
require no hand finishing. 
@ TENSILKUT table and floor models are available with 
motors from 4 to 24% h.p. Write for free brochure. 


SIEBURG INDUSTRIES 
Danbury Industrial Park, Danbury, Connecticut 
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METAL PROGRESS 


MULTI-FREQUENCY EQUIPMENT 


An eddy current tester with six inspection 
methods operating simultaneously — for high- 
speed, non-destructive testing of non-ferrous 
and non-magnetic tubing, bars and wire from 
Ye” to 3” diameter. Detects both surface 
and sub-surface flaws, and variations in 
chemical, physical and metallurgical prop- 
erties at speeds of 200 to 600 ft./min. 


Electronic equipment for inspecting ferro- 
magnetic wire ropes from 1/32” to 3” 
diameter. Detects broken, cross-over or 
missing wires, plus defective welds and 
deformations at production speeds up to 
several hundred feet per minute. 


COMPARATORS AND METAL TESTERS 


Electronic instruments tor production sorting 
of both ferrous and non-ferrous materials 
and parts for variation in composition, 
structure and thickness of sheet and 
plating. 


DEMAGNETIZERS 


Electrical equipment for rapid and efficient 
demagnetizing of steel bars and tubing. 
When used with Magnetic Analysis Multi- 
Method Equipment, inspection and demag- 
netizing can be done in a single operation. 


MAGNETISM DETECTORS 


Inexpensive pocket meters for indicating 
residual magnetism in ferrous materials 
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HARDNESS |. 
TESTER | 
all NORMAL 


AND SUPERFICIAL 
Tests in ONE 


opro- METRIC TOOLS NC 


137mP VARICK STREET, NEW YORK 13, 
LIST NO. 162 ON INFO-COUPON PAGE 189 


Wilson “Rockwell” 
TWINTESTER 


e@ Measures both “Rockwell” and 
“Rockwell” Superficial hardness 
on B, C, N, T and other acales 
e Easy to operate—change from 
“Rockwell” to ““Rockwell”’ super- 
ficial testing in seconds 

e Large direct-reading dial with 
one zero set position for all scales 
e Complete equipment includes 
cowl, ball penetrator for B and 
T scale, “Rockwell” test blocks, 
anvils, dust cover, and protective 
sleeve set 

e Complete line of accessories 
available 


Welle t Dept. DU. Ask for Bulletin TT-59 


WILSON “ROCKWELL” 
HARDNESS TESTERS 


Wilson Mechanical co 
Instrument Division 


American Chain & Cable 
Company, Inc. 
230-F Park Avenue, New York 17, N y= 
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Problems 
30 18 tg AE 
and 3 minor 
' 
— 
Pet. Pend., U.S., Canada in. 
4 
© Now with TENSILKUT, whatever 
a your testing methods or materials, you 
physica! test specimens in iess than 
two minutes. 
, and plate metals . . . from .0005” foil to .500” plate. Hard 
001 stainless steel foil to soft 4” aluminum, soft plastic 
a : film 1 mil in thickness or the abrasive glass laminates ‘ 
a8 in .500” plate, are machined with specimen configura- “THE TEST T ‘os r 
“447 t., City 1, 


A PROVEN 
DEPENDABLE SOURCE 


FOR BETTER GRADE INVESTMENT 


CASTINGS IN FERROUS AND RESISTA 


CORROSION | 


WRITE, WIRE or PHONE 
YOUR CATALOG 


NT 


TAR STAINLESS SCREW CO. 
647 Union Bivd., Paterson 2, N. J. 


Direct N.Y.'phone Wisconsin 7-6310 
Direct Phila. ‘phone WAInut 5-3660 


a your assembly problems and costs. 

formed, with high 
doqeee of accuracy, from ferrous or non- 
ferrous metals. Write for Catalog No. 1053. 


ROLL FORMED PRODUCTS CO. 


Telephone: CLifford 6-2300 


MAIN AND PLANT 


3761 OAKWOOD AVE. * YOUNGSTOWN, OH!IO 
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INVAR 
CASTING 
Special Feature 
— Nickel content 


NON-FERROUS METALS 
held to 35% min- 
imum — 36% 


STAINLESS STEEL PART for milk 
bottling unit formerly machined 
from solid stock. 

Only finish oper- 

ations required 

are reaming small 

dia. of counter- 

bored hole and 

drilling and tap- 

ping for set screw. 


MOVE IT FASTER 


any surface! 


The New WIRETEX Model B-1 TRAY for 
pusher and horizontal ype furnaces is 
designed to cut “moving” costs. Tapered 
runners permit riding over the roughest 
surface and obstructions freely. Compact! 
Rugged arc (not pressure wel ied) welded 


construction assures a long life under the 


Standard units: 34” long, 22” wide, 6” 
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5 Mason Street, 
Specialists in Processing Carriers Since 1932. 


high. Other sizes, all metals and alloys 
available. 
Call WIRETEX for all your heat treating 
fixtures, and save. 


Bridgeport 5, Conn. 
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FIRS 


HEAT RESISTANCE 


5 HOURS 400°c Minimum 
150+ KNOOP 


For complete information 
Write,Wire, Phone or TWX 
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THE WORLD 


T 


HEAT RESISTANT 


24K Acid Bright Gold 


| OR HER 


TEMPERATURE RANGE 
65°F t0 115°F 


OPERATION 
BARREL or TANK 


RIGHTNES 
BROR 
CON 


ONE ADDITI 


AGENT 


P.O.8OX 965 PROVIDENCE, 
7001 NO. CLARK st. CHICAGO 26 ILL. 
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MARTINDALE 
the GENUINE 


precision sawing, 


BRINELL 


other extruders 


said it couldn’t be done... HIGH SPEED STEEL HARDNESS TESTING MACHINES 


= GENERAL DID IT! ay OR TUNGSTEN made by the Alpha Co. of 
. The manufacturer of heaters wanted a CARBIDE Sweden and available from 


aa bottom —a —_, gold-anodized Milled hard d d 
aluminum extrusion. Specifications called lle ardene an 
for a 7” x.050” sha Extruders with ground by skilled expe- our stock at New Rochelle 
presses that take &” diameter billets said : f 4 
it couldn't be done because of the thinness, rienced cra tsmen to ex- i 
a reduction ratio. acting specifications. Never 

7.E.1. engineers came up with the extru- 723 in 4” ” ACCURACY A 
sion, on a 5” press! The shape is extruded Available in %” to 4 O.D., complete range CONSTANCY of cali- 
half round, then straightened, notched and of thicknesses and tooth designs, “U” slot bration . at the 
Sune, Bates punched, and finally gold- or “V” cutters. Get finest saw blade per- standard 3000kg test 

If you have a problem involving alumi- formance—lowest operating cost. loa . Maximum 
num fabrication, finishing or extrusion, error plus or minus 


why not take it to General, pioneers in Send for NEW CATALOG and prices 
on other maintenance 


developing new uses for extruded aluminum. and 


GENERAL EXTRUSIONS, INC. end pred 
4040 Loke Pork Youngstown, Ohic 


Sales Offices at St. Louis, Detroit, = ul 
book MARTINDALE ELECTRIC CO. GRIES INDUSTRIES, INC. 
uminum Products Testing Machines Divisi ogg 
NEW ROCHE 


1372 Hird Avenue Cleveland 7, Ohio 


LIST NO. 141 ON INFO-COUPON PAGE 189 
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HOOVER ULTRASONIC 
SPECIALISTS IN THE FIELD OF CLEANING BULLETIN 


Die Castings 
SINCE 1922 


Alemiaom on d Zine Describes National Ultrasonic Corporation's: 


@ Applications Laboratory service. Your 
sample parts are cleaned ultrasonically and 
equipment and cost recommendations are 
made at no charge. 

STANDARDLINE medium power cleaners 

for all applications requiring average 

energy levels. 

HEAVYDUTYLINE high power cleaners for 
industrial applications requiring high 

energy density. 

NUclean® solvents and detergents especially 
formulated for ultrasonic cleaning. 


THE HOOVER COMPANY 
Die Castings Division 
North Canton, Ohio 
In Canada—Hamilton, Ontario 
LIST NO. 74 ON INFO-COUPON PAGE 189 
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Need Help Designing That Aluminum Extrusion? 


“The Beat TEAM UP Ag 
HEAT RESISTING ALLOYS THERES 


WORLD OF 
DIFFERENCE 


Ready When You Need Them re 


The difference starts the moment you meet 
Please Send for Stock List and Literature che an engineer . . 
well qualified to make on-the-spot rec- 
ommendations in designs. Team up with 
Jarl and you'll get the right shapes made 
to most exacting design specifications, 


Af You'll be sure of close die control . . . 
4. quality safeguards every step . . . on-time 
) e 4 deliveries. Send for our stock die catalog 


or send rough sketches for assistance with 


Hat and. Covrcsion Resistant Ally | 


ANODIZING 


5309 Concord Avenue @ Detroit 11, Michigan 330 William Street e South River, New Jersey JARL EXTRUSIONS, INC. 
Phone WAlnut 1-4462 Phone CLifford 4-4616 Dept. MP, Linden Ave. + East Rochester, N. Y. 


LIST NO. 234 ON INFO-COUPON PAGE 189 LIST NO. 165 ON INFO-COUPON PAGE 189 


METAL PROGRESS 187 


— : 
= 
& 
4 
2/2 kg 
Write for Bulletin 
Ne LIST NC 3 N INF COUPON PAGE 189 
3 
\ 
4 
3 
= - : ; 
NATIONAL ULTRASONIC CORP. 
| 
a 
Hollen LLOYD. 
: 
: 


Whiteligh? 
MAGNESIUM 


RODS dia. to 615” dia. 
BARS, STRIPS 02?" min. to max 
SHAPES .022” min. to 614” 


circle 
TUBING 0.D. to 6” 0.D. 
HOLLOW SHAPES circle 
PLATE & SHEET .092” to 3” thick 


independent 
mill source 

of magnesium 
alloy. . 


ALLOYS 
AZI0 


HITE METAL 
ROLLING « STAMPING corp. 


82 Moultrie Street, aaaetee 22, N.Y. 
Factories: Brooklyn, N.Y. Warsaw, Ind. 
Los Angeles Warehouse: 6601 Telegraph Rd. 
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How to Cut 
Pot Costs: 


Buy low-cost Eclipse pressed (not 
welded) steel pots . . . and replace 
them on a regular schedule. 

1 Lower initial cost 

2 Elimination of failures 


3 Faster, more even heating 

4 Quantity discounts earned on 
your total purchases in any 
12 month period. 

Guaranteed free from defects. Write: 

Eclipse Fuel Engineering Company 

1127 Buchanan St., Rockford, Ill. 


PRESSED STEEL POTS 
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low cost 


HARDNESS 


MICRO 
TESTER 


@ permits direct, accurate 
readings corresponding 
to Vickers within a few 
seconds 


@ ideally suited for on 
the-job production work 


eeliminates a micro- 
scope, conversion charts, 
complicated tables 


efor rapid and accurate 
checking of surface layers, 
thin sheets, flat springs, 
instrument parts, wire 
punches, etc. 


can be obtained in | kg 
or 2 kg loads penetrating 
as little as 000079" or 
00016” respectively 


222 YORK ROAD 
JENKINTOWN 5, PA. 
TUrner 4-8494 


Write, wire or call for full details 
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FIND CRACKS 
QUICK! 


Use 
potcheck 


“SPRAY-ON" 
Dye Penetrant 
inspection 


SPOTCHECK finds cracks, 
porosity, and leaks you can’t see (any defect open 
to the surface). SPOTCHECK — marks them with 
a brilliant red warning. Users report speedy, money- 
saving results. SPOTCHECK is used to inspect 
metals, carbides, ceramics, plastics, etc. Multi-use 
SPOTCHECK can simplify your mai e and 
in- Progress inspections. SPOTCHECK'’S complete 
SK-3 kit is portable; n0 other equipment needed! 


NEW! NONFLAMMABLE 
PUSH-BUTTON EASE 
FLEXIBILITY . . . Use on tools, parts, 
machinery, ete. 
LOWEST COST Dye Penetrant ma- 
terials — presssure canned or bulk. 
Why use higher priced substitutes? 


COMPLETE SK-3 KIT ONLY 
U.S.A. only 


Plus $1 for pack- 
ing and shipping 


CALL YOUR DISTRIBUTOR or Mall 
Check or P. 0. with Coupon Today! 


MAGNAFLUX CORPORATION 
7328 W. Ainslie Ave., Chicago 31, Illinois 


Please send__SK- 3 kits 00 each 


plus $1.00 each Pping 
O Send FREE bulleti poe ludes low 
SPOTCHECK material prices. 
Name Title 
pony 
Addr 
City. Zone. State. 
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ROUND, SQUARE, FLAT AND 
HALF-ROUND WIRE FOR MASS 
PRODUCTION OF SMALL PARTS 

Beryllium Copper  Bronzes 
Other Non-ferrous Alloys 
Rounded or square edges. 
Available with hot-tinned 

finish for solderability. 
Write for descriptive folder. 


LITTLE FALLS, ALLOYS 


193 Caldwell Ave., Paterson 1, N. J. 


LIST NO. 66 ON INFO-COUPON,PAGE 189 


RUST: 


QUEOUS SYSTEM 


Eliminates RUST 
& 
Fire Hazards 
Non-Flammable 
Non-Toxic 


Send for Brochure: 
The ABC of Rust-Lick 
for Rust Prevention 


RUST-LICK, INCORPORATED 
755 BOYLSTON STREET 
BOSTON 16, MASS 


LIST NO. 105 ON INFO-COUPON PAGE 189 
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flaw detection 


for every metalworking shop and job — on every 
metal form and fabrication! Pulse-echo SONORAY® 
Model 5 offers highest performance, easy portability 
and operation, assured nationwide service, at 
a price of only $2750. Ask for Bulletin T-200. 


BRANSON INSTRUMENTS, INC. 


6 BROWN HOUSE ROAD 
STAMFORD, CONN., USA 
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MORE THAN 50,000 


METALLOGRAPHIC SAMPLES 
POLISHED DAILY WITH 


DISA-ELECTROPOL 


~ 


EXCLUSIVE “DISA” FEATURES 
@ Quick and convenient exchange of electro- 
lytes 
e “On the spot’ polishing of large objects by 
attachment 
2 Components for external etching with every 
isa” 
For compiete information on this and other metal- 
lographic specimen preparation apparatus write or 
phone 
WILLIAM J. HACKER & CO., INC. 
P.O. Box 646, W. Caidwel!, N.J. Tel. Capital 6-8450 


LIST NO. 219 ON INFO-COUPON BELOW 


KENTRON 


Applies 1 to 10,000 gram loads 
Write for Bulletin 


Kent Cliff Laboratories Div. 
The Torsion Balance Company 
CLIFTON NEW JERSEY 

LIST NO. 53 ON INFO.COUPON BELOW 


ACCURATE 


FAST e 


Low Cost Analysis 
HIGH TEMPERATURE 
ALLOYS 


Crobaugh Laboratories uses new X-Ray 
Spectrometer and conventional methods to get 
accuracy from 1 p.p.m. range to 100%. 
COMPLETE METALLURGICAL TESTING SERVICE FOR 

@ Hydrogen, Oxygen, Nitrogen Analysis 

@ Elevated Temperature Tensile and Stress 
Rupture 

@ Low ond High Temperature Impact 


@ X-Ray, Gommo-Ray Radiography f=) 
Write for Complete Facilities Brochure 
THE FRANK L. CROBAUGH co. 


Member + American Council of Independent Laborat: 
3800 Perkins Ave. + Cleveland 14,0. - UT 1-7320 


LIST NO. 210 ON INFO-COUPON TO RIGHT 
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Measures Nonmagnetic 
Coatings with 
+5% +.0001” accuracy 


NEW 
pocket-size 


Thickness 
Gauge 


ELCOMETER measures thickness of por- 
celain enamel, paints, platings, foils, glass, 
paper, plastics, and other nonmagnetic 
coatings quickly and accurately. Gauges 
flat or curved surfaces and hard-to-get-at 
spots easily. Needle locking device assures 
correct reading every time. Complete with 
tough leather case, containing inner pocket 
for test strips, and carrying harness. 
Weighs only 6 oz. 


FREE TRIAL. Ask your purchasing 
agent to order an Elcometer on trial 
basis. Retail price, F.0.B. Cleveland. 


ONLY 


$78.75 


FERRO CORPORATION 


4155 East 56th Street 
Cleveland 5, Ohio 


LIST NO. 148 ON INFO-COUPON BELOW 


Portable and Precise 


HARDNESS TESTER 


Model ST-5 
@ Weight: 7 oz. 
@ Length: 6% in. 


Direct scale readings in 
Rockwell and Brinell. Make 
hardness tests anywhere in 
seconds. Ideal for testing 
specimens too large for 
standard testing equipment. 
Saves time and labor moving 
heavy pieces to a _ bench- 
tester. Quickly calibrated. 
Easy to read. Used by many 
large industries. Accessory 
equipment includes test stand 
and carrying case. 

Write for full information. 


DEVICES, 


10640 Harper Ave., Detroit 13, Mich. 


LIST NO. 167 ON INFO-COUPON BELOW 


THE CYCLOGRAPH, (Mode! C) 


Eddy-Current Instruments 
for Unscrambling Metal Mixups 


This instrument permits truly high speed, non- 
destructive sorting of raw, semi-finished or 
finished parts by their metallurgical characteristics. 
With the new Automatic Sorter Unit, speeds up to 
300 pieces per minute are possible with the use 
of suitable feeding equipment. Used by leading 
industrial firms everywhere. 


J. W. DICE CO. 3 


© “‘Non-destructive Testing and Measuring Instruments” 


In Canada: Tatnall Measuring and Nuclear Systems, 
lt ‘oronto 


LIST NO. 50 ON INFO-COUPON BELOW 


Metals Park, Novelty, Ohio 
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Are your plant operations HAMPERED 


by a shortage of TRAINED METALS MEN? 


The American Society for Metals, recognizing the urgent need for suitably 
trained metals men, established the Metals Engineering Institute in 1954. Since 
then the ASM Metals Engineering Institute, through its specialized home-study 
courses not available elsewhere, has trained thousands of men in fields which 
were, and still are, desperately short of skilled technicians. The MEI can train 
those special men in your plant who have the ability and background but who lack 
the fundamental understanding of metals behavior and specific knowledge of the 
newest discoveries in metallurgy and related subjects. Your plant can benefit from 
their new knowledge. Look over this list of beginning and advanced courses. 
Write today for specific information as it relates to your problem, or for our 
brochure explaining the MEI in-plant training program. 


Courses Available Now: 


Elements of Metallurgy Gray Iron Foundry 

Heat Treatment of Steel Practice 

High Temperature Metals Oxy-Acetylene Welding 
Titanium Steel Foundry Practice 
Copper, Brass and Bronze Recovery of Lead and Zinc 


Stee! Plant Processes 
Arc Welding Ferrous Metallurgy 
Blast Furnace Operations Corrosion 
Metals for Nuclear Power Principles of Machining 
Stainless Steels Fundamentals of Welding 
Electroplating and Metal and Joining 

Finishing Principles of Heat Treating 


| 
METALS 
ENGINEERING INSTITUTE | 

| 

| 


Please send me home-study information. 


Nome 


division of American Society for Metals, a non-profit City 
organization and world's largest publisher of technical 
metals books. 


METALS PARK, NOVELTY, OHIO 
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Cold Working . . . 


are induced. This method of surface 
improvement is used in the manu- 
facture of frame-type powerful 
hydraulic presses with thick walls at 
the Novo-Kramatorsk Machinebuild- 
ing Plant in Donbass. The Central 
Research Institute of Machinebuild- 
ing in Moscow has been studying the 
increase in the resistance of slip of 
the contacting surfaces resulting 
from rifling, and the increase in the 
fatigue strength from cold work 
induced by rifling. 

Steel 3 (nominal composition: 
0.14 to 0.22 C, 0.35 to 0.65 Mn, 
0.12 to 0.30 Si, 0.055 S max., 0.050 
P max.) has the following me- 
chanical properties: tensile strength 
59,500 psi., yield strength 34,800 
psi., elongation 35%, reduction in 
area 67.8%, Brinell hardness 135 
to 143. 

Slip test specimens consisted of 
three plates, bolted together, with 
spring devices measuring contact 
pressure. Grooves and crests pro- 
duce a fit, sharply increasing slip 
resistance. Fatigue specimens con- 
sisted of plates about 2 in. thick. 
Grooves were hammered at the rate 
of 750 strokes per min. with the 
workpiece moving at 1 ft. per min. 
and a hammer force of about | Ib. 

Results of fatigue tests of smooth 
and grooved specimens at 10 million 
cycles are shown below. (Specimens 
which did not reveal defects to the 
naked eye were examined magnet- 
ically.) Unit contact pressure was 
about 700 psi. 


TYPE FATIGUE 
SURFACE STRENGTH 
Smooth 20,500 psi. 
Smooth 9,300 
Grooved 26,800 


Results of slip tests show that the 
increase in bearing pressure from 
280 to 2800 psi. has a much lesser 
effect upon slip resistance of grooved 
rather than smooth surfaces. 


Effect of Rifling Methods 


Studies of the effect of rifling vari- 
ables showed that, by varying the 
number of strokes per minute and 
the rate of travel of the workpiece 
during hammering and the distances 
between the grooves, variations were 
produced in the crest heights of the 
rifling, from a Brinell hardness under 
180 to 200, in resistance to slip from 
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Duraloy Tub e S 


Duraloy Centrifugally Cast Tubes 7 we long, 7” O.D., 
%” wall. 28 Cr 10 Ni; some of HOM alloy. 


Heat treating furnaces need high alloy castings... radiant 
heat tubes for gas or oil fired...resistance grids for elec- 
trical...and castings for handling material through the 
furnace. And the castings must be fail-proof! 

One reason—indeed the major reason—why The Electric 
Furnace Company, Salem, Ohio, has leaned so heavily on 
Duraloy for its castings is that over the years Duraloy 
Castings have established a fine record for durability and 
uniformity. And with the recent development of Duraloy 
HOM, the furnace company can work towards higher 
temperature operations. HOM can be used quite broadly 
at temperatures up to 2200°F and in a limited way to 
2300'F. It can be cast statically, centrifugally and shell 
molded. 

When such an authority on heat treating furnaces as 
Electric Furnace so consistently selects Duraloy castings 
for these furnaces on which it has built an enviable repu- 
tation...that preference suggests quite strongly that 
Duraloy castings are consistently sound and skillfully 
alloyed to meet exacting high temperature applications. 
This same skill offers comparable values to all who require 
high alloy castings. 


Duraloy Resistance Grids—Shell Molded. 
18 Cr 38 Ni; some of special HOM alloy. 


Annealing furnace designed and constructed by The Electric 
Furnace Company used for cycle annealing of enameling iron strip 
and bright annealing of cold rolled strip. Three methods of heat- 
ing: direct fuel fire; fuel fired radiant heat; and electric resistance 
used in the various zones. 


OFFICE AND PLANT: Scottdale, Pa. 


EASTERN OFFICE: 12 East 41st Street, New York 17, N.Y. 
ATLANTA OFFICE: 76—4th Street, N.W. 

CHICAGO OFFICE: 332 South Michigan Avenue 

DETROIT OFFICE: 23906 Woodword Avenue, Pleasant Ridge, Mich, 
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Continuous Heat Treating Depends 


on Continuous Product Flow and... | Working . 


16,000 to 34,000 psi., and in fatigue 
strength from 9300 to 26,800 psi. 

The effect of eccentric loading 
rifled plates is to decrease somewhat 
the slip resistance, the latter still 
remaining 9 to 12 times that of un- 
rifled surfaces. The effect on the 
fatigue strength was insignificant. It 
was also found that the slip resist- 
ance was not affected by differences 
in groove spacings of the contacting 
plates. 

To summarize, this method of sur- 
face working of contact surfaces of 
machine parts consists of cold work- 
ing and rifling these surfaces by 
special hammers. Fatigue strength 
is increased twofold and more, and 
resistance to slip relative to each 
other— 80 to 300 times. This 
fi iia; method is used successfully for thick- 
walled frames of powerful hydraulic 

; presses to increase rigidity and to 
double bearing strength. It is rec- 
stallations subjected to cyclic stresses 
of long duration and requiring reten- 
tion of rigidity, such as frames of 


ASHWORTH KEEPS YOUR PRODUCT | 
ON THE MOVE... CONTINUOUSLY! sige: 


A New Metal 
In brazing, hardening, quenching, annealing, tempering, wash- : 
ing, sintering . . . any operation that demands continuous Forming Process 
product flow . . . Ashworth Metal Process Belts can help you 5 
reduce Nandling and maintenance costs. Method of Obtaining a Quick 
Get-Away From Design to First 
Ashworth Metal Process Belts can be fabricated from any Tort Off”, by John A. Grainger, 
et Metal Industries, April 
metal or alloy . . . with any required surface characteristic. 1959, p. 271-279. 
Skilled Ashworth Engineers have designed these belts to with- 
stand and operate at temperatures up to 2100°F. Ashworth HE PRESENT-DAY tendency, par- 
open mesh design permits circulation of processing atmosphere, ticularly in press forming, appears 


or free drainage of process solutions in quenching, pickling to be toward the development of 
and tempering. tools and machines designed for 


faster production. Although these 
efforts are fascinating, the produc- 
tion engineer is often faced with the 
problem of providing comparatively 
small quantities of parts to close 
tolerances and at competitive costs. 
Moreover, he is often required to 
. rovide a few proto or prepro- 
Consult your nearest Ashworth Sales Engineer Santi parts. lls 


or write directly to: quantities should be produced by 


/ ASHWORTH BROS., INC. some form of economical tooling. 


In general, the efforts to reduce 
WINCHESTER, VIRGINIA tooling costs have been centered 


Sales Offices In Principal Cities 


Aluminum piston heads flow on Ashworth Balanced Weave design B 60-38-14. It affords the required 
smooth surface characteristics to facilitate transfer and minimize product marking. 


Engineering, plus accurate selection of wire analysis, plus 
careful fabrication insure quality woven into every Ashworth 
belt. You can depend on Ashworth to carry the load... 
continuously. 


around the elimination of one of the 
most costly parts of the tool, either 
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One of a series 


On the riddle of rolling friction 


It doesn’t take much to roll a hard ball across a hard, 
smooth, level surface — actually only about 0.00001 times the 
normal force acting vertically on the ball. But by careful 
measurement of this tiny rolling force, scientists at 

the General Motors Research Laboratories 


are helping to unravel the riddle of rolling friction. 


An important relationship recently uncovered 

in this fundamental study: the rolling force is proportional 

to the volume of material that is stressed above 

a certain level. As a result, a GM Research group have not only 
confirmed the hypothesis of how a rolling ball loses energy 

(Answer: elastic hysteresis) but also have learned where 

this lost energy is dissipated (Answer: in the interior of the material, 
not on the surface). Mathematical analyses have indicated 

the exact shape of the elastically stressed volume 


in which all the significant frictional loss takes place. 


The purpose of friction research at the GM Research Laboratories 
is to learn more about the elastic and inelastic behavior 

of materials. This knowledge — of academic interest now — will 
eventually give GM engineers greater control of energy lost through 
friction. This is but one more example of how General Motors 


lives up to its promise of “More and better things for more people.” 


General Motors Research Laboratories 
Warren, Michigan 


_¢ Relationship of rolling force 
10 12 14 16x10 to elastically stressed volume, 
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GUARANTEED 
ACCURATE 


“Rockwell Testing” Dollar! 


Clark Hardness Testers are guaran- 
teed accurate for all ‘Rockwell 
Testing”. Clark's exacting workman- 
ship in the production of penetrators, 
testing blocks, anvils, and other 
accessories pays off in exceptional 
accuracy on the job. No wonder the 
low cost surprises our first-time 
customers. Clark Instrument, Inc., 
10203 Ford Road, Dearborn, Mich. 


FREE REFERENCE BOOK 

All information about hardness test- 
ing in easy-to-read text with many 
illustrations. Just write “Send 
Book" on your letterhead. De- 
scription and prices for Clark 
Hordness Tester and free 
Hardness Conversion Chort 

also available on request. 


CLARK INSTRUMENT, INC. 
10203 FORD ROAD 
DEARBORN, MICHIGAN 


Missile-Age Accuracy 


| 
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Metal Forming . . . 


the die or the punch. The machine 
toolmakers have, therefore, directed 
their effort toward producing a ma- 
chine ‘incorporating a mechanism 
which would be a universal substi- 
tute for one of the costly tooling 
components. Most of these ma- 
chines have successfully performed 
the desired function. However. 
their high costs have resulted in 
prohibitive amortization rates. 

The firm of Mark Tyzach and Sons 
Ltd. of Sheffield, England, recog- 
nized the potential of the drop 
stamping process, previously used 
by silversmiths, as a possible con- 
tender in the field of cheap tooling. 
Its effort in the development of this 
technique led to a patented process 
called “Dyzacking”. 

This process is essentially an im- 
pact forming method developed from 
the traditional techniques used bv 
the silver and electroplate trades for 
the production of sheet metal hollow 
ware. The sequence of operations is 
as follows: 

A cylindrical slab of lead is cast on 
the hammer block in an improvised 
mold fashioned from a strip of thin 
sheet metal and sealed around the 
bottom edge with a fillet of plum- 
bago. After the lead is solidified, 
the strip of metal is removed from 
the lead slab. The slab is then 
struck a hard blow by the tup. The 
face of the tup has a series of dove- 
tailed grooves such that when the 
lead slab is forced into these grooves 
by two or three additional hard 
blows, the lead “force” is securely 
fastened to the face of the tup. 

Following this, the first of a series 
of dies is centered and fastened on 
the bed of the percussion hammer. 
The lead “punch” is then driven into 
the die mouth for a short distance to 
shape it to the contour of the die. 
To provide for metal clearance, a 
soft metal blank, usually brass, is 
then placed in the liner. When the 
“punch” is subsequently driven into 
the die, the lead is formed to the 
proper size and contour. A run of 
metal blanks of the correct material 
is then passed through the tools. 

The process of driving the lead 
“punch” into the die, sizing on a 
soft metal liner and processing the 
run of blanks is repeated on each of 
the dies of the series. This sequence 
progressively forms the punch and 


FOR ALL 
HEAT- DEPENDENT 
OPERATIONS 


Sixty-three different com- 
positions enable you to 
determine and control 
working temperatures 
from 113° to 2000° F. 
TEMPILSTIK® marks on 
workpiece “say when” by 
melting at stated tempera- 
tures—plus or minus 1%. 


also available in 
pellet and liquid form 


Tempil “Basic 
FREE Guide to Ferrous 
Metallurgy”"— 


016%" x21” plastic-laminated 
wall chart in color. 


Send for sample pellets, stating 
temperatures of interest to you. 


CLAUD S. GORDON CO. 


Manufacturers + Engineers + Distributors 


613 West 30th St., Chicago 16, Ill. 
2021 Hamilton Ave., Cleveland 14, Ohio 
Circle 549 on Page 48-A 
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Answers every need of x-ray diffrac- 
tion and fluorescence analysis. New 
x-ray tube. Two generators (full 
wave and constant potential). Two 
tables. Highly advanced diffrac- 
tometer. Electronic radiation ana- 
lyzer. Digital printout. 


new operating ease 


All operating parts within easy view 
and reach. Efficiently organized con- 
trols make working with it pleasant 
and convenient. 


new radiation safety 


Utilizes radiation efficiently, yet 
keeps it safely within bounds. 


old-fashioned service 


Backed by the expert engineers of 
the Picker service organization. 
Local offices and service depots the 
country over. 


start with a design group of experts wise in 
the ways of x-ray diffraction and fluorescence 
analysis. Give them two clear and simple 

goals (a) create the finest, most versatile 
apparatus you can and (b) make it easy to 
operate. Don’t hobble their imaginations 

with “‘existing’”’ components: give them a clean 
slate and plenty of time to boot. 


You’ll know how handsomely such a program 
can pay off the first time you see the spanking 
new line of equipment they’ve come up with. 


Get the full story from your local Picker representative 
or write Picker X-Ray Corporation, 25 South Broadway, 
White Plains, New York. 


no capital investment if you’d rather rent @ ask about the PICKER RENTAL PLAN 
Circle 519 on Page 48-A 
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Control Quenching to 
Improve Heat Treating 


@ The NIAGARA Aero HEAT 
EXCHANGER transfers the heat from 
the quench bath to atmospheric air. It 
never fails to remove the heat at the 
rate of input, giving you real control 
of the quench bath temperature. You 
prevent flashing of oil quenches. You 
improve physical properties, save loss 
of your product from rejections, get 
faster production, increase your heat 
treating capacity. 


You have a closed system, freedom from dirt and scale. 


You avoid water supply and disposal problems. 


Write for Bulletin 120 and 132 


NIAGARA BLOWER COMPANY 
Dept. MP-2, 405 Lexington Ave., New York 17, N. Y. 


District Engineers in Principal Cities 
Circle 550 on Page 48-A 


IN THE VACUUM MELTING FIELD 
LET’S MAKE 


NO MISTAKE 
ABOUT IT... 


QUALITY — the manufacturing or fabrica- 


tion of vacuum furnaces, vacuum crucibles 
and ingot molds are not ordinary metal 
working jobs. Quality depends on... . 


EXPERIENCE — a good product in the 
vacuum melting field depends on ‘know-how’ 
gained through years of experience. Our qual- 
ity gained by experience gives us .. . . 


VERSATILITY — to quote on furnaces, 
crucibles and ingot molds of any design, 
plus an engineering department able to help 
in planning. 
If you want — 
Quality —- Experience — Versatility 
Call, Troy — ARsenal 3-3912 


ZAK MACHINE WoRKS INC. 
TROY (GREEN ISLAND) WN. Y. 
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the blanks until the finished die is 
reached. For the finishing opera- 
tion, it may be necessary to con- 
sider the use of alternate materials 
for the punch. When the product 
contours are generously rounded, a 
lead “force” may be satisfactory. 
With sharper radii, however, the 
final sizing punch must be made 
from such materials as cast tin, cast 
zinc or machined mild steel. If the 
radii are so small that a mild steel 
punch is required, a part of the value 
of the process is lost as machining 
is required. 

Many parts have been produced 
by this process since it was 
perfected. These products range 
from simple shallow cylindrical forms 
to relatively deep drawn articles of 
various forms. Parts with reverse 
depressions in the base have also 
been made. Conical parts which 
are sometimes difficult to form on 
normal double action drawing 
presses have been formed. 

Accuracy has been of a high 
order, comparing favorably with 
normal press forming. Variation in 
metal thickness has been small, gen- 
erally about 0.002 to 0.003 in. on 
0.048-in. thick material. The surface 
finish of the formed parts has been 
excellent. 

The process offers a number of ad- 
vantages when limited production 
runs or prototype quantities of 
pressed parts are required. The 
process offers a very low tooling 
cost, but a larger forming or oper- 
ating cost per piece than conven- 
tional pressworking methods. Where 
a product requires a multiplicity of 
press tools and the individual 
batches are very large, orthodox 
press methods make far better use 
of the labor content of the operating 
cycle. As the size of the individual 
batches decrease, however, the ad- 
vantages of normal press methods 
are less evident and ultimately a 
point is reached where “Dyzacking” 
becomes more economical. 

In addition, the process offers a 
minimum time delay between final 
design and the first part off the tools. 
It also furnishes great flexibility 
which permits fast modification of 
prototypes and it is a valuable asset 
to any experimental development 
program. R. F. HARTMANN 

(More digests on p. 198) 
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PRECISION WELDMENTS 


The two weldments illustrated above are wind tunnel sections designed 
with motor mounts to house giant propellers driven by electric motors. 
These husky pieces are typical of thousands of Steel-Weld Fabricated 
parts and assemblies produced and machined by Mahon for defense 
contractors and manufacturers of processing machinery, machine tools, 
and other types of heavy mechanical equipment. 

When your design calls for weldments of any kind, you, too, will want 
to discuss your requirements with Mahon engineers; because, in the 
Mahon Company you will find a unique source for weldments or welded 
steel in any form... a fully responsible source with a long and enviable 
performance record, and unusual facilities for design engineering, 
fabricating, machining and assembling. 


See Sweet's Product Design File for information on Facilities, or have a 
Mahon sales engineer call at your convenience. 


THE R. C. MAHON COMPANY e¢ Detroit 34, Michigan 


SALES-ENGINEERING OFFICES in DETROIT, NEW YORK, CHICAGO, LOS ANGELES and SAN FRANCISCO 
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is more modern 
‘is more economical! than... 
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“INDUSTRIAL GAS 


ia BURNERS & FURNACES | 

Ny Using Only Low Pressure Gas | 

ike Yor Clean, Fast, Quiet Heat- -Up at Lowest Cost!’ 

BENCH TYPE OVEN FURNACES 

For heat treating and pre-heating. 

Temperatures to 2000° F. 

“BUZZER” 

CATALOG” 


ATMOSPHERIC POT FURNACES Z\ 
For cyanide, salt bath and lead 
hardening. Temperatures to 1650° F. 


1911 


CMARLES A. HONES, INC. 


Y 123 So. Grand Avenue, Baldwin, L.I., New York * BAldwin 3- 1110 
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BRINELL HARDNESS he NG” 
rs TESTS WITH 


PORTABLE TESTER. 


ONE 

TEST HEAD 
FITS MANY 
INEXPENSIVE 
ADAPTERS 


King Test Head 
in 1342” base with 
King Brinell Scope 


King Test Head 
with Chain Adapter 


King Bore Brinell 
with small test 
head for pipes, 
cylinders, etc. 


The KING PORTABLE HARDNESS TESTER 


@ To test any size, shape or thickness of metal. 

@ Makes guaranteed accurate on-the-spot tests — anywhere! 

@ Gap 10” — 1342” — 30”. Throat 4” — 6%” or larger with 
chain adapter. 

@ Loads from 6212 Kg. to full 3000 Kg. 5mm or 10mm steel or 


King Test carbide ball. 
Head in Will make tests in places no other tester can reach— includ- 
30” base ing cylinder bores. 


Write for literature and prices to Dept. MP-160 


TESTER CORPORATION 440 N. 13th St, Phila. 


Known the world over for accuracy and dependability 
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Nuclear Meeting 


Digest of notes compiled at 
the annual meeting of the Amer- 
ican Nuclear Society in Gatlin- 
burg, Tenn., June 15 to 17, 1959 


[NFORMATION is sadly lacking on the 
effects of power transients, and 
the subsequent temperature effects 
on irradiated or partially irradiated 
fuel element components. The nor- 
mal temperature excursions which 
result from power transients expose 
reactor fuel alloys to temperatures 
that exceed or approach the trans- 
formation temperature. Obviously. 
it is not safe tg use the reactor for 
experimental purposes. Therefore. 
plans have been discussed, and a 
working arrangement arrived at, that 
will simulate the condition that ex- 
ists periodically, but nonuniformly. 
in a reactor. It is now set up as a 
pilot-type operation in an irradiation 
laboratory. A_ radio-frequency in- 
duction coil, set up in the Bettis 
Atomic Power Radiation Laboratory, 
has been successfully operated by 
remote control. The metallurgical 
approaches to testing irradiated 
fuel alloys completely clad have been 
many fold. One approach follows: 
From a metallurgical standpoint, 
it is very desirous to know how ma- 
terial stability is affected when a 
fully irradiated (that is, a high 
uranium depletion) fuel alloy is ex- 
posed at higher temperatures than 
were realized by the specimen while 
in the reactor. This is accomplished 
by introducing the specimen to the 
induction field, subjecting it to vari- 
ous temperatures for 10 sec. or less. 
The temperatures selected are not 
random, but depend on existing or 
proposed maximum operating cen- 
tral core temperatures. Generally, 
these range from 600 to 900° F. 
Basically the cycling would run as 
follows. With a continuously run- 
ning inert atmosphere (helium or 
argon gas), the fully irradiated spec- 
imen would be introduced into the 
field. Attached to the specimen 
would be a high-speed recording 
thermocouple attachment. Power 
input to the 10-kw. RF generator 
was rheostatically controlled to con- 
trol the temperature. The specimen 
would be brought to an ambient 
temperature, or the temperature to 
which the specimen would be ex- 
posed under normal operations in 
the reactor. After a 3 to 5 sec. pe- 
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Formula for Success 
The formulation of a stainless steel alloy requires ; - ro 
as much precision as any chemical compound. 
All the care exercised in the selection of a & 
particular alloy can be nullified by variations y Z 
in the analysis specified. 
During fabrication, for example, slight Pi 
differences in chromium-nickel: carbon ratios 
1 can cause changes in microstructure which lead 
to early failure. 
’ That’s why it is safer to specify J&L Consistent 


Quality Stainless Steel. J&L leads the industry 
in melt shop standards for stainless steel— 
the point where quality starts, and longer 
service life begins. 


Los Angeles * Kenilworth (N. J.) Youngstown Louisville (Ohio) Indianapolis Detroit SHEET STRIP > BAR + WIRE 


4 Jones & Laughlin Steel Corporation + STAINLESS and STRIP DIVISION «+ Box 4606, Detroit 34 
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New electric 


make 


FEATURES: 


e Wide band adjustments: 0 to 500% prop. 
band, O to 100 repeats/min. reset, and 
0 to 10 min. rate. 

e Bumpless transfer even when control out- 
put is changing. 

e@ Change proportional band any amount 
without upsetting process. 

e@ Rate action circuit minimizes overshoot 
in batch process and during startup. 

e Pull-out chassis for servicing without 
interrupting operation. 

@ Modular construction simplifies main- 
tenance and stocking. 

e@ Plug-in silicon diode rectifiers for greater 

reliability. 


All three units use the same plug-in components . . . 
only the control output section is different. Simplifies 
on-the-job servicing . . . eliminates need for com- 
plicated test equipment. 


2 
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3-mode units 


furnaces perform at their best 


One of these units— Electr-O-Line, Electr-O- 
Pulse or Electr-O-Volt—will deliver the 
exact kind of temperature control that’s 
best for your furnace. 


Plug-in construction is used throughout all 
three units—including common amplifier 
and power supply sections. Operator adjust- 
ments are exactly alike for all three units. 
Interchangeability of control output sections 
Electr-O-Line Control Unit—For electronic position-proportion- simplifies stocking and service problems. 
ing control with reset and rate action 


Get complete details on these and other 
types of furnace controls from your nearby 
Honeywell field engineer. Call him today . . . 
he’s as near as your phone. 


MINNEAPOLIS-HONEYWELL, Wayne and 
Windrim Avenues, Philadelphia 44, Pa. 


Electr-O-Pulse Control Unit—For electronic time-proportioning Honeywell 
Fit 


control with reset and rate action 
SINCE 18865 
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Electr-O-Volt Control Unit—For electronic current output pro- 
portioning control with reset and rate action 


Use ElectroniK strip chart, circular 
chart or circular scale controllers to 
actuate Electr-O-Line, Electr-O-Pulse 
or Electr-O-Volt units. They are in- 
tegrally mounted, simplifying panel 
cutout and reducing wiring costs. 


Circle 522 on Page 48-A 


— 
: 
4 
i. 
4 


MECHANICAL 


BOOSTER PUMPS 


Packaged high-speed pumping systems that 
feature automatic push-button operation 


Stokes Mechanical Booster Pumps are streamlined, 
compact integrated systems that offer the user 
greater pumping speed per dollar. The unit consists 
of a coaxial blower first stage, backed by the latest 
gas-ballasted Microvac rotary vacuum pump. Four 
models are available . . . Model 1710, with a 1050- 
cfm rating —Model 1711, rated at 1160 cfm—the 
1712, rated at 2900 cfm—and the 1713, rated 
at 5100 cfm. 


Operation of this Stokes system is entirely auto- 
matic. When the pressure has been roughed down to 
15 mm Hg, a pressure switch actuates the blower 
unit. There are no complicated switching or valving 
procedures necessary. All models feature an ultimate 
blank-off of 0.5 microns and tremendous throughput. 


Call your nearest Stokes office, or contact Stokes’ 
Engineering Advisory Service for complete specifi- 
cations on all models —or application assistance for 
your own specific process. 


Vacuum Equipment Division 
F. J. STOKES CORPORATION 
5500 Tabor Road, Philadelphia 20, Pa. 
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riod of stabilization, the temperature 
excursion would be put into effect. 
Hence the cycle would be from the 
ambient to the transient (or temper- 
ature excursion point) and then a 
rapid quench back to ambient, the 
cycle period being less than 10 sec. 
This procedure would be repeated 
on a multicycle basis with periodic 
examinations of the specimen to note 
effects and possible changes. 


Ultrasonic Examination 


The inadequacy of suitable and 
more extensive nondestructive test- 
ing equipment to be used on irradi- 
ated material has long been recog- 
nized. Ultrasonic testing goes far 
toward filling this gap in determin- 
ing extent of damage due to irradi- 
ation exposure. Ultrasonic examina- 
tion ( by remote control) is now 
being used as a standard operational 
test on highly irradiated material. 
Voids, undetectable by visual exam- 
ination or dimensional survey, can be 
found with ease. This information 
is particularly useful when the dam- 
age is of a macro level, or the voids 
are of low magnitude. These gas 
pockets would very probably be un- 
detectable, in many instances _pri- 
marily because experience has shown 
that these defects occur locally. 

Moreover, the magnitude of the 
defect is measurable. Its particular 
area of occurence is pertinent to the 
experimenter in that he can associ- 
ate damage relative to neutron ex- 
posure. This is pertinent because 
actual flux gradients can differ ap- 
preciably over short distances. 

The in-cell apparatus for remote 
control ultrasonic inspection consists 
of a water tank in which the test 
specimen is mounted. Crystals are 
hung from a carriage which travels 
along the top of the tank. Two %- 
in. diameter, 5-megacycle quartz 
crystals are used. One transmits 
the ultrasonic signal, the other re- 
ceives it. The rectangular test spec- 
imen is mounted on a longitudinal 
edge between the two crystals. A 
drive mechanism actuates these crys- 
tals at 250 cycles per min. in an up 
and down motion while traversing 
the specimen length at 9 in. per min. 
Outside the cell is located a Sperry 
Reflectoscope, Model UR50E495, an 
Alden Electrosensitive Helix Re- 
corder, Model 305A, and a control] 
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WHO FORGES THE TOUGH ONES? 
and nitride-hardens them, too? 


National Forge does it—with a nitriding installation that is 
one of the largest and most modern in existence. Now diesel 
crankshafts, pump eccentrics, compressor pistons and rods, 
gears, marine couplings, and many other machinery parts are 
not only forged at National, but nitride-hardened to add 
strength and reduce wear. Vertical nitriding furnaces like the 


one illustrated will accommodate forgings up to 16 feet in 
length. 

National Forge also has its own basic electric melting facili- 
ties and produces all the usual types of nitriding steels, in- 
cluding the recently developed 5% nickel, 2% aluminum 
grade. For further information, write for bulletin NH-1058. 


NATIONAL FORGE COMPANY 


IRVINE, WARREN COUNTY, PENNSYLVANIA 


For more information on “the tough ones,”’ and the machinery that makes them “‘best"’—write for bulletin NFO 
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assembly. The ultrasonic signal, 
generated by the reflectoscope and 
transmitted by the crystal, passes 
through the test specimen and re- 
turns to the reflectoscape where it 
is amplified and fed into the re- 
corder, The recorder is synchron- 
ized with the crystal drive mechan- 
ism, so that one cycle of the crystals 
is presented as a single line on the 
recorder paper. As the chart paper 
moves through the recorder, a series 
of closely spaced lines are printed. 
Their intensity depends on the in- 
tensity of the ultrasonic signal pass- 
ing through the test specimen. Where 
the signal passing through the test 
specimen is reduced in strength 
(such as at edges or at discontinui- 
ties), the recorder prints a light in- 


PSC fabricated tubes furnish four substantial advantages: (1) 
Light-wall construction saves furnace time and fuel. (2) Return 
bends are of same wall thickness as tubes, promoting uniform 
flow of gas. (3) Smooth dense walls minimize carbon build-up 
and burn-out. (4) Up to 100% longer life. In any alloy, size 
or type, including parabolics. Also sheet-alloy heat-treating 
retorts and covers, boxes, baskets, fixtures, tubes, etc. 


THE PRESSED CO 


Wilkes-Barre, Pa. F 


Ask us for help in deciding how to best braze 
your stainless alloy assemblies. We success- 
fully braze almost every known stainless 
steel, superalloy, and aluminum or entaes 
bearing metal. 

Ask us to choose the best brazing alloy from 
the massive array of copper, silver, and nickel 
base alloys available. We know and use 
them all. 

Ask us for a quotation on doing your stain- 
less brazing or heat processing. Our pencils 
are sharp and so are the four furnace plants 
we operate to serve you. 


WALL COLMONOY CORPORATION 
Stainless Processing Division 
19345 John R Street + Detroit 3, Michigan 


Wall Colmonoy furnace plants are maintained in 
Michigan, Pennsylvania, Ohio, and California 
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vacuum furnace 


tensity line or may not print at all, 
depending on the sensitivity adjust- 
ment and magnitude of the disconti- 
nuity. When the crystals have 
passed along the length of the speci- 
men, a complete picture showing the 
edges of the specimen and any dis- 
continuities is obtained. 


Fabricating Nuclear Alloys 
A new method of fabrication of 


nuclear alloys was discussed. It is 
comparable to slip casting, a method 
for casting ceramics and refractory 
metals. The absence of a pressure 
application is advantageous in that 
fabrication of large shapes is possi- 
ble and stringer formation is prac- 
tically eliminated. The apparent 
success of random distribution of 
UO, in a stainless matrix suggests 
the possibility of this process being 
applied to other materials such as 
control rod alloys and poison-bearing 
fuel elements. 

A fabricating process of preparing 
fuel elements employs the powder 
metallurgy technique for the com- 
pact, and a cast-cladding technique 
for the cladding. Aside from being 
economical, the process lends itself 
to small scale operation suitable to a 
university laboratory or pilot labora- 
tory level. Complete containment of 
the powder dispersants aids in pre- 
venting contamination ef equipment 
with toxic elements. Losses of fis- 
sionable material and other constitu- 
ents during fabrication is practically 
eliminated, thus insuring a more 
accurate control of final alloy com- 
position. F. O. Von 
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_ After the white hot metal has cooled, perfec; 
tion becomes a job for the industrial X-ray 
Ansco X-ray films’ superb gradation and out- 
_ need: Ansco Superay ‘A’, medium-speed, , 
“| ultra-fine grain, ‘medium speed emulsion 
ealled for. Superay:‘D’, medium fine grain and -ANSCC 
th calcium tungstate screens. Ansco, Bi Fj 
 ‘hamton, N.Y., A Division of General Aniline Industrial X-ray 
205 
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Pittsburgh Works bar mill—where scrapless nut quality hot rolled steel bars are tailor-made for any nut application. 


We may not know your production equipment 
We may not know your product application 
We may not know anything about your specific requirements 


... Dut we want to 


and, we do know all about scrapless nut quality hot rolled steel bars 


and the techniques in metallurgy and in nut-forming that result in smoother production runs, fewer 
rejects and less waste. We know how to achieve the precise balance and uniformity in steel bars to 
provide you with the best combination of nut-forming properties. We can assure optimum metal flow 
characteristics and shear strength so that the steel will cold work easily and will not crack. We 
control steel to low rates of strain hardening so that large volumes of metal can be upset without 
annealing. Most important, we regard your nut-forming problems as our major challenge. . . . 


and when given an opportunity to talk to you about your specific operation, we'll know 
how to develop exactly the right steel to meet your needs. We invite your inquiry. Please write . . . 


Jones & Laughlin Steel Corporation 


3 GATEWAY CENTER 
PITTSBURGH, PENNSYLVANIA 


Everything new but 
the shape 


“Material — High Temperature, 
“Nickel-base Alloy 
_ Weight — 520 pounds (machined) 


Ever since man discovered the wheel, he has 
been working at new ways to use it. The latest 
use of the wheel is in the jet turbine. These tur- 
bine wheels and compressor wheels, forged in 
massive closed dies from materials unknown a 
few years ago, make possible the outstanding 
performance records of our American engines. 


EST. 1883 


Helping wheels turn—on the ground—on the 
sea—in space—is all part of Wyman-Gordon’s 
business. Where performance depends upon 
stamina, there is no substitute for a forg- 
ing —and in a forging there is no substitute 
for Wyman-Gordon experience, quality and 
dependability. 


WYMAN - GORDON 


FORGINGS 


of Aluminum Magnesium Steel Titanium... and Beryllium Molybdenum Columbium and other uncommon materials 


HARVEY ILLINOIS 
GRAFTON MASSACHUSETTS 


WORCESTER MASSACHUSETTS 


FRANKLIN PARK ILLINOIS 


LOS ANGELES CALIFORNIA 
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That's what the Germans call the stratosphere trails of high altitude rockets. Soon, Mach 4-5 air- 
craft will be cutting frozen lightning trails across our own skies. Structural parts of hypersonic 


aircraft and missiles must function perfectly at temperatures too high for ordinary alloys. 


The answer lies in predictable performance Carpenter alloys made by the exclusive Mel-Trol®, 
VacuMeltrol®, and Consumet® melting processes. Engine builders find them ideal for many critical 
parts. Forge shops report improved forgeability resulting in better finishes requiring far less 


machining .. . fewer rejects. 


For the whole story about Carpenter predictable performance high temperature at.oys, call your 
local Carpenter Representative or write: The Carpenter Steel Company, 133 W. Bern Street, 


Reading, Pa. 


[arpenter siee! 


The Carpenter Steel Company, Main Office and Mills, Reading, Pa. 
Alloy Tube Division, Union, N.]. 
Webb Wire Division, New Brunswick, N.]. 
Carpenter Steel of New England, Inc., Bridgeport, Conn. 
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A WAY TO DEGREASE MORE PARTS PER DOLLAR OF CLEANING COST a 
{ 
210 


What makes the big difference in vapor-degreasing cost? 
It’s not what you pay for solvent. It’s how long your sol- 
vent keeps working between degreaser cleanouts. 


WHAT'S PSP? It means “permanent staying power.” 
It’s what you get with Nialk TRICHLOR. The stabilizer in 
this solvent doesn’t wear out. You don’t need to add fresh 
stabilizer when you degrease with Nialk TRICHLOR. You 
don’t have to check the pH. The stabilizer stays with the sol- 
vent and keeps on protecting it. In the bath. In the vapor. 
Even after repeated distillation. 


WHY IS PSP IMPORTANT? Users report sub- 
stantial savings with this better, more stable trichlorethylene. 
Degreasers run without shutdown for weeks—even months 
longer between cleanouts, in many cases. Rejects are down 
sharply. Less solvent is needed, because less goes down the 
drain in unnecessary cleanouts. 


To start saving in your plant—soon—see your Nialk TRI- 
CHLOR distributor. He can show you why your best buy is 
the solvent that doesn’t wear out prematurely. Call him today. 


NEW 36-PAGE BULLETIN explains 
fully how you get more and better vapor de- 
greasing for the money with Nialk TRI- 
CHLOR. Shows basic types of vapor de- 
greasers. Discusses cycles, operating proced- 
ures, stabilizers, causes of solvent contamina- 
tion, solvent recovery, trouble shooting. Ask ——-—-=@-——~ 
your distributor for a copy or write us. . 


Nialk® Trichlor, a product of 
HOOKER CHEMICAL CORPORATION HOOKER 


402 Union Street, Niagara Falls, N. Y. CHEMICALS 
PLASTICS 


Sales Offices: Buffalo Chicago Detroit Los Angeles 
New York Niagara Falls Philadelphia Tacoma Worcester, Mass. 
In Canada: Hooker Chemicals Limited, N. Vancouver, B. C. 
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Honeywell is first 
with the only fail-safe 


flame safeguard! gees 


New maximum-safety, self-checking relay 


prevents losses due to burner safeguard 


failure and resulting explosions. 


The Honeywell Protectoglo* Relay offers you the most 
fail-safe protection yet devised for industrial burner safe- 
guards—truly an important break-through in the art of 
flame safeguarding! Never before has a flame safeguard 
offered you such low-cost assurance against explosions 
and downtime. Compared to the Honeywell R4075, all 
other continuous process flame safeguards are obsolete! 

In other flame safeguards, safe-start, self-checking net- 
works operate only during start up or recycling. The new 
R4075 unit operates constantly. It will cause an immedi- 
ate safety shutdown and sound an alarm if the sensing 
* Trademark 


V4 


signal, amplifier or related circuitry fails at any time while 
the burners are operating or during start ups or shut- 
downs. This same self-checking circuit checks all com- 
ponents of the Protectoglo system including the flame 
rod once every second. You get maximum protection, not 
only on safeguard systems for constantly burning gas 
burners using flame rods, but also on gas- or oil-fired sys- 
tems using Ultra-Vision flame detectors. For information 
on how the Honeywell R4075 can help your industry, 
call your nearest Honeywell office; or write: Minneapolis- 
Honeywell, Dept. MP-2-30, Minneapolis 8, Minnesota. 


Honeywell 
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SPECIAL REFRACTORIES: 
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Comparative tests help determine 


HOT STRENGTH 


Studies of hot strength — or the ability 
to stand up under load at elevated tem- 
peratures—are a primary requirement 
in the selection and application of prac- 
tically all refractories. The need for 
accurate data becomes all the more im- 
portant as operations move to higher 
and higher temperatures, or where long 
periods of soaking heats are involved. 
Information available from Carbo- 
rundum includes compressive load tests, 
covering short duration and sustained 
periods, to indicate load-carrying capac- 
ity. Transverse load tests also provide 
valuable information — particularly, 
for applications where large spans of 
refractory shapes are unsupported or 
must carry a heavy furnace charge. 
Engineering assistance can be given 
in evaluating the various factors affect- 
ing operation and in applying Carbo- 
rundum’s refractories to your job. 
Please feel free to ask any questions 
that may occur to you. 


HIGH TEMPERATURE, SHORT DURATION LOAD TESTS 


SUSTAINED LOAD TESTS 


Deformation After 
100 Hr., % 4 
Load, Temperature, Deg. fF. z 
Psi. | 2192 2462 2732 
Fireclay 625 | 0.30 3.9 = 
12.5 0.23 43 - 
25 0.32 11.3 - 
50 0.46 |over 10.3 
Semi-silica 6.25 - 1.19 
12.5 - 3.14 - 
25 5.03 - 
50 1.19 = 
Silica 6.25 - - 
12.5 2.4 - 
25 0.87 7.7 - 
50 1.30 9.9 - Pye. 
Alfrax® brick 6.25 +0.20 2.51 
12.5 - +0.04 3.73 
25 - 0.25 8.68 
50 - 1.08 | 10.58 = 
Monofrax® H brick 6.25 - - ~ 3 & 
25 - - 
50 - 0.36 
Carbofrax® brick 6.25 - 0.40 oS 
12.5 - 0.40 
25 - - 0.58 la 
50 - 0.78 
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For engineered refractories, count on CARB 
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Comparison of hot strength 
held at 3128 F for 1¥2 hrs under | 


ORUNDUM® 


of various refractories 
oad of 25 psi 


Max. Expan. | Start % shows CARBOFRAX® silicon carbide brick unde- 
at Rapid Hold Temp. Linear formed (extreme left) and MULLFRAX® electric 
Temp. Contr] Max. Aver.| Cold cold furnace mullite brick (second from left) with - 
Refractory oF oF oF contr.| Length less than 1.4% contraction. Other samples shown ot 
are commonly-used refractories in various stages \ 
Mullite brick 2561-2795 | 2867 3137 3128} 14.3 7.75” of deformation. One on the right failed at 3002F. tts: 
Mullfrax® W brick 2552-2768 | None 3128 3119} 1.31 8.943” 
Carbofrax® A brick 2534-2714 3092 | 3146 3137} 0.78 8.915” 
Chrome magnesia - Write today for a, 
brick 2597-2741 | 2975|Crushed at 3002) — “Sheared”’ your free copy of 
Firectay brick | 2642-2660 | 2732| Crushed at 3002] — | 6.75” “Super Refractories 
Fireclay brick 2462 2561 | Crushed at 2993) — 6.6” b Carb (* d ” © 
itigh alumina brick| 2561-2624 | 2642 | Squashed at 3011| — | 67” 
Silica brick 9795-2903 | None| Crushed sharply at) — “Sheared”’ The address: Dept. ‘Sy: 
2948 M-20, Refractories 
Magnesia brick | 2327 2507|Crushed at 2552 “Sheared” Division, Perth 
Amboy,NewJersey. — 
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Greater visibility, trimmer 
lines for the new CHEVROLET, 


thanks to GAS! This is Libbey-Owens- 
Ford, where the new panoramic windshields 
are made for your beautiful new Chevrolet. 


The forming of the curved glass is done in a 
limited temperature range at which glass 
can be bent without distortion. The produc- 
tion process challenged heat process engi- 
neers to design new automatic equipment 
capable of mass producing these large pre- 
cision glass pieces. 

LOF engineers, working with General 
Motors, discovered that Gas could produce 
the proper time-temperature cycle demanded 
by this process...efficiently, quickly, reliably. 

Ci 


The flat glass is conveyed under radiant Gas 
burners which bring the glass quickly up to 
bending temperature and allow the shaping 
of windshields, with reproducible uniform- 
ity, at high production rates. 


The production of the Vista Panoramic 
windshield is another example of the contri- 
butions modern Gas equipment is making to 
American manufacturing. If your operation 
includes precise process heating, call your 
Gas company’s industrial specialist and see 
how you can improve production with mod- 
ern Gas equipment. AMERICAN GAS ASSOCIATION 


FOR PROCESS HEATING 
GAS IS GOOD BUSINESS 
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Improve 
hot-working characteristics... with Vancoram Grainal Alloys 


That’s not all these versatile alloys will do for wrought stainless and heat-resisting steels. They minimize heat- 
checking of castings, reduce conditioning operations. and further lower costs by cutting rejections. Grainal acts 
as an intensifier for hardening boron-containing constructional steels and helps protect both low- and high-alloy 
steels against internal and external rupturing in many hot-forming operations. And it promotes uniformity from 
heat to heat. 

Find out more about these useful alloys by writing for your copy of “Grainal and Its Uses,” or by calling the 
nearest VCA District Office. Vanadium Corporation of America, 420 Lexington Avenue, New York 17, N. Y. 


Chicago + Cleveland + Detroit + Pittsburgh 
CORPORATION OF AMERICA 


Producers of alloys, metals and chemicals _ 
Circle 576 on Page 48-A 
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Colloidal 
Graphite 


dispersions 


FOR THE METAL WORKING 
INDUSTRY 


GRAPHITE PRODUCTS CORPORATION 
manufactures quality metal working lub- 
rleants. Lubricants for titanium, mag- 
nesium aluminum and the new metals 
as well as steel, stainless steel, ond 
alloys. Lubricants for forging, extruding, 
drawing, and other metal working op- 
erations. Lubricants you can count on 
to do the job. 

A quelified staff is available for spe- 
cielized development service. You are 
lavited to submit your requirements. 
There is of course no charge for this 


JUST A FEW USES: 


© Forging compound 


High temperature 


GRAPHITE PRODUCTS CORPORATION 
BROOKFIELD, OHIO 
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Electric 


TUBE 
FURNACE 


Available 
in 
operating 
temperatures 

| up to 
2800° F. 


Horizontal or vertical models—in Cabinet or Trunion mounted. 
Selection of tube lengths and diameters. 


Either hollow silicon carbide (tubular) water cooled 
ramic tube surrounded by air-cooled silicon carbide 


Designed for either normal or extremely rapid heat-up. 
Precision controls for wide range temperature control and turndown. 


interlocked ‘'Fail-Safe'' protective devices combined with highest 
quality unit construction. 


Pereco’s years of experience and world-wide recognition as electric 
furnace specialists is assurance of their ability to help you with your 
requirements. Write, 


PERENY EQUIPMENT CO., INC. 


Dept. Q, 893 Chambers Rd. 
Columbus 12, Ohio 
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elements. 


Ceramics 


Use up to 2700°C 


Meiting Crucibles Tubing 
e Boats e Custom Shapes 
e Flame Spray Rod & Tubing 


Consider this list of LECO pure 
oxide ceramic materials (no binder 
to lower melting point), their chemi- 
cal composition and top usable tem- 
perature in an oxidizing atmosphere. 


Alumina AlzO3 1950°C 
Calcium 

Zirconate CaO.ZrO2 
Magnesia MgO 
Mullite 3Al203.2SiO2 
Spinel O0.Al2O3 
Thoria 
Zircon 
Zirconia 


2100°C 
2400°C 
1800°C 
1900°C 
2700°C 
1870°C 
2500°C 


For further information write: 
LABORATORY EQUIPMENT CORP. 
506! Hilltop Road, St. Joseph, Michigan 
Circle 593 on Page 48-A 


Environmental 
Chambers 


AND LOW TEMPERATURE FREEZERS 


FOR CONTROLLED ATMOSPHERIC CONDITIONS 
Temperature + Altitude - Humidity 


Free! 


28-Page Brochure on 
Environmental Chambers 


A FEW APPLICATIONS 


. 

Aging of Steel 

Aluminum Storage 

Metal Hardening 

rd Nuclear Radiation Testing 
2 Research and Production 
. Shrink-fitting of Parts 

Rivet Storage 

= Stabilization of Steels 

Simulated Atmospheric Conditions 
. Thermal Shock Tests 

> Too! Steel Treatment 

. 


RANGES 


Temperature: —225° F. to + 1000° F. 
(Any temperature desired in this range) 
0 to 500,000 ft. 
20% to 95% 
Any size for any application 


It’s one of the most helpful bro- 
chures ever published for users of 
environmental chambers and low 
temperature freezers. 


WRITE FOR YOUR COPY TODAY! 
WEBBER MANUFACTURING CO., INC. 


P.O. Box 217B Indianapolis 6, Ind. Phone: MElrose 2-1378 
Circle 594 on Page 48-A 
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COLORIMETER (inherently extremely accurate) determines 
percentages of molybdenum, tungsten, cobalt and manga- 
nese in A-L tool steel to insure consistent, high quality. 


Colorimeter measures exact chemical composition 
of Allegheny Ludlum tool steel melts 


Accurate adjustment of alloys guarantees uniform 
heat treatment, predictable dimensional changes, 
reduced grinding, standardized machining operations. 


Close control of molybdenum, tungsten, cobalt and 
manganese is at the heart of a good tool steel melt. In 
addition to the usual testing methods, Allegheny Lud- 
lum’s chemical laboratory checks these metals with 
Colorimetry because of its inherent, extreme accuracy. 

On the basis of the Colorimeter’s findings, it is 
possible to make carefully calculated furnace additions 
of ferro-alloys, insuring precise control over chemistry. 
This guarantees your receiving the exact analysis order 
after order, providing uniformity of heat treatment, predict- 
able dimensional changes, reduced grinding and standardized 
machining operations. 


7262 


Colorimetry is but one step toward careful control 
over composition. Allegheny Ludlum also sets exacting 
purchasing specifications on raw materials and scrap. 
Quality Control checks all incoming orders to see that 
they conform with these specifications. Another guard 
toward your getting your exact specifications: each 
ingot bears a metal tab showing heat number. 

Allegheny Ludlum stocks a complete line of tool 
steel sizes and grades. Call your nearest A-L representa- 
tive; you'll get quick service and counsel on such 
problems as heat treating, machining, grade selection, 
etc. Or write for A-L’s publication list which gives full 
data on the more than 125 technical publications offered. 
They'll make your job easier. 

ALLEGHENY LUDLUM STEEL CORPORATION, 
Oliver Bldg., Pittsburgh 22, Pa. Address Dept. MP-26 


ALLEGHENY LUDLUM | 


Tool Steel warehouse stocks throughout the country... Check the yellow pages 
every grade of tool steel... every help in using it XS By 
Circle 577 on Page 48-A 


FEBRUARY 1960 


Experience—the added alloy in Allegheny Ludlum too/ stee/s 
: te 
4 
3 
217 


* Also Tempil® Pellets 
and Tempilagq® (liquid form) 


Tempilstik °—a simple and 


accurate means of determining preheating 
and stress relieving temperatures in 
welding operations. Widely used in all 
heat treating—as well as in hundreds 

of other heat-dependent processes 

in industry. Available in 80 different 
temperature ratings from 113°F 

to 2500°F . . . $2.00 each. 


Send for free sample Tempil® Pellets. 
State temperature desired . . . Sorry, 
no sample Tempilstiks’. 


Most industrial and welding supply 
houses carry Tempilstiks® ...1If yours 
does not, write for information to: 


MARKETING DIVISION 


Tempil® corporation 


132 West 22nd St.. New York 11, N. Y 
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For Steady Service to 2800° F. and | 
Intermittent Operation to 3000° F. 3 


HARROP 


NMR SERIES 


ELECTRIC 
FURNACES 


Designed for heavy-duty serv- 
ice at high temperatures, these 
Non-Metallic Resistor Electric 
Furnaces by Harrop cut opera- 
ting time and expense . . . con- 
serve floor space . . . provide 
great flexibility of control. 


Pictured is the NMR-7-2214-CS, 
equipped for manual operation and 
for automatic cycling. Temperature 
and time are set . . . the furnace 
heats to the desired temperature, 
holds accurately for the predeter- 
mined time . . . then shuts off. 


Specifications: setting space 7” wide 
by 9” deep by 812” high. . . outside 
dimensions 23” wide by 28” deep 
by 64” high. 3000° F. internal re- 
fractories. External blower for ac- 
celerated cooling. 8 KVA transformer, 
voltage adjustable from 55 to 230 
volts in 36 steps. Price: $1,240.00 
f.o.b. Columbus, including crating. 


Other Models with setting spaces up to 36” by 40” 
by 36” . . . all models with standard or optional 
instrumentation. 


Special furnace designs developed to meet your need. 
For non-obligating recommendation, send informa- 
tion on materials, temperature range, heat contro! 
and firing objectives to Dr. Robert A. Schoenlaub, 
Technical Advisor. 


HARROP ELECTRIC FURNACE DIVISION 
OF HARROP CERAMIC SERVICE CO. 
Dept. M, 3470 E. Fifth Ave., Columbus 19, Ohio 
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Serving American industry nation-wide 
with over 10,000 stock items 
of good tool steel 


Product of Skilled 


American Workmen 


Circle 597 on Page 48-A 
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6 VITAL AREAS 
REPAIRED WITH LUMNITE 


gun-applied industrial concretes in 
blast furnace downcomers and dust 
separator, National Tube Div., U. S. 
Steel, McKeesport, Pa. 

. Dust catcher, spot repairs to brick 
lining. 

. Dust separator shell, complete lin- 
ing. 

. Inner cone, complete lining. 

. Elbows and piping, lined for 65 lin- 
eal feet. 

. Downcomers, gunited for 120° arc in 
pipe bottom. 

. Connections between uptakes and 
downcomers, spot-repaired (two 
other connections gunited not 
shown). 


“atlas” and "'Lumnite” are registered trademarks. 


Industrial concretes protect 
blast furnace “hot spots” 


For repairs or new installation, industrial concrete linings in 
blast furnace equipment solve many abrasion, erosion and heat 
problems. In addition, these monolithic concrete linings 

provide insulation. Made with LUMNITE calcium-aluminate cement 
and suitable aggregates, concrete linings are easy and 
economical to place — by guniting, casting or troweling. Unit 
downtime is reduced because concrete reaches service strength in 
24 hours. For greater convenience, castables containing LUMNITE 
cement are available from leading manufacturers of refractories. 
These are packaged mixtures, ready to use by adding only Water. 
For more information, write Universal Atlas Cement, 

100 Park Avenue, New York 17, New York. 


Universal Atlas Cement 
Division of 
United States Steel 


OFFICES: Albany. Birmingham. Boston.Chicago . Dayton. Kansas City. Milwaukee . Minneapolis. New York . Philadelphia . Pittsburgh . St. Louis. Waco 
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Useful applications: 


Measure moisture in flue 
gases in heat treating. 
Continuous or batch analyses 
of moisture in a wide variety 
of gas streams — including 
process streams, inert atmos- 
pheres required in plant proc- 
esses and laboratory dry 
boxes, and plant instrument 
streams. 

Measuring reaction rates 
where water is involved as a 
reactant, product or catalyst. 


Available in portable, weather- 

MQTOISTURE ANALYZER explosion-proof, auto- 

Vecuam coanereed unit with matic control and recording 
adjustable alarm units. 


All Model W analyzers include flow indicat 
Write for complete information 


MANUFACTURERS ENGINEERING 


& EQUIPMENT CORP. 
10 Sunset Lane, Hatboro, Pa. 
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© for shrink fits 

© for seasoning gauges and tools 
@ for testing for research 

© for processing to —140° 


Model RSZS503 Rivet 
Cooler (shown) equipped 
with 90 rivet canisters, tem- 
peratures to —30° F. 110V, 
60 cycle, single phase. 


Model SZH153 tem- 
peratures to —95° F. 110V; 
60 cycle, single phase. 


Model SZH653, larger 
capacity, temperatures to 
— 85° F. 110V, 60 cycle, 
single phase. 


Model SZHC657. Same 
capacity as SZH653 but attains 
temperature as low as —140° F. 
220V, 60 cycle, single phase. 


Refrigeration: Model SZHC657 operates with 

3 Tecumseh hermetic compressors in a two system cascade. Other 
Sub-Zeros use 2 hermetics in a two stage system. Rivet Cooler operates 
with single hermetic unit. All models equipped with efficient fan- 
cooled condensers — no liquid coolant required. Write Today for Full 
Specifications and Prices. 


Temp. Range Outside Dim. _ Inside Dim. 

Rm. 70° Rm.110° L W H LW 4H 

Sub-Zero SZHI53 15 —95°F. —85°F. 42” 28” 42%” 23” 9” 12\4" 
Sub-Zero SZH653 6.5 —85°F. —75°F. 60” 28” 42%” 47” 15” 16” 
Sub-Zero SZHC657 65 #—140°F. —125°F. 60” 28” 42%” 47” 15” 16” 
Rivet Cooler RSZ503 5.0 —30°F. —20°F. 42” 28” 41” 30” 16” 18” 


REVCO, Inc. 
Setting Trends in Refrigeration since 1938 Deerfield, Michigan 
Circle 580 on Page 48-A 


Description Model Cu.Ft. 


ACCURATE 
DEPENDABLE 
LOW COST 


HEAT TREATING 
YOUNG 
BROTHERS 


OVENS 


designed and built 
for individual product 


and process requirements 


batch and conveyor types up to 1000° 


Write for Bulletin 157 


YOUNG BROTHERS 


1829 Columbus Road °* Cleveland 13, Ohio 
Over 60 years of service 
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HOTPOT 


LABORATORY FURNACE OVER 4600° 


Standard and custom units 
generating temperatures (over 
4600°F) in oxidizing atmos- 
' pheres are now available 


Features: 
eEasy to maintain eRugged 
eSimple to Operate @eQuiet 
eLow Heat Losses (cool 
outer shell) 


Applications include: 
Thermal Shock Testing (can 
be quench cooled) 
Melting Point Determina- 
tions 
High Purity Melts 
Sintering of High Tempera- 
ature Materials 
The Hot Pot can be supplied 
with oxygen -acetylene and 
oxygen-propane gas burners. 
complete with necessary man- 
ifolds, gauges, etc., ready to 
operate. Many accessories as 
heat shield, muffles, crucibles, 
setters, etc. are available 
from stock. 


AS LOW AS 


Write for information and quotations for your requirements. 


CORPORATION 
SOLON, OHIO OF AMERICA 


31501 Solon Road, Solon, Ohio 
West Coast Rep. - W. P. Keith Co., Santa Fe Springs, Calif. 
Circle 582 on Page 48-A 
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NOW, FROM RIVERSIDE-ALLOV... 


NICKEL WIRE PAY-OFF-PAK 
CONTROLLED 


Now from Riverside-Alloy you can 
obtain nickel and manganese- 

ing nickel wire to tolerances as criti- 
cal as pilus or minus .00025”.. . in 
continuous lengths to 60,000 feet. 
Diameters .020” to .060”’ can be spec- 
ified in Pay-Off-Pak at no additional 
charge. Credit for this product su- 
periority goes to a new qualit 
control unit used in conjunction wit 
the Riverside-Alloy Pay-Off-Pak. 
Every inch of wire is continuously 
“miked”’ before entering the pack- 
ing machines, assuring a controlled 
wire diameter. 


RIVERSIDE-ALLOY METAL DIVISION 


Pay-Off-Pak, itself, gives you add- 
ed benefits ... ends the jumble of 
tangled wire, jammed machines and 
excess handling. Bright smooth fin- 
ishes produced from the new 
Riverside-Alloy annealing process 
and drawing equipment are fully pro- 
tected under ail shipping and stor- 
age conditions. 

Riverside-Alloy is the outstand- 
ing source for the finest in precision 
nickel wire. 

Write today: Riverside-Alloy Metal 
Division, H.K. Porter Company, Inc., 
Riverside, N. J. 


4 


Riverside-Alloy’s PAY-OFF-PAK is one neatly 
coiled length of wire replacing as many as eight 
(10to 30 Ib.) individually-wound, exposed coils. 
Pay-Off-Pak means smoother, faster produc- 
tion right down the line. 


AT H.K. PORTER COMPANY, INC. 


PORTER SERVES INDUSTRY: with Rubber and Friction Products—THERMOID DIVISION; Electrical Equipment—DELTA-STAR ELECTRIC DIVISION, NATIONAL ELECTRIC DIVISION: 

PEERLESS ELECTRIC DIVISION; Specialty Alloys—RIVERSIDE-ALLOY METAL DIVISION ; Refractories REFRACTORIES DIVISION; Electric Furnace Steel -CONNORS STEEL DIVISION, 

VULCAN-KIDD STEEL DIVISION; Fabricated Products —DISSTON DIVISION, FORGE AND FITTINGS DIVISION, LESCHEN WIRE ROPE DIVISION, MOULDINGS DIVISION, H. K. PORTER 
COMPANY de MEXICO, S A.; and in Canada, Refractories, “Disston” Tools “Federal” Wires and Cables “Nepcoduct” Systems—H. K. PORTER COMPANY (CANADA) LTD. 
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WHICH OF THESE ASM BOOKS SHOULD 
YOU HAVE FOR REFERENCE AND STUDY? 


THE METAL THORIUM 
A unified collection of new data 


The Metal Thorium is an information-packed 
volume for designer, metallurgists, researchers, 
students and workers in the dynamic field of nu- 
clear engineering and science. Under the precise 
supervision of Dr. Harley A. Wilhelm, Associate 
Director, Ames Laboratory (former ASM Trustee), 
and through close cooperation with the Atomic 
Energy Commission, this is a unified collection of 
detailed information on both the fundamental 
scientific and the technological and engineering 


The use of structural materials in high-speed 
aircraft and missiles has created a new field of 
testing . . . new techniques and methods that more 
accurately determine design requirements. This 
book reveals data on the most recent of these tech- 
niques and methods . . . offering previously un- 
measurable properties of common structural metals. 
Techniques and results are reported as integrated 
accounts . . . allowing systematic and _ logical 
arrangement of information. Each technique can 


Almost without exception, the work described in 
Powder Metallurgy in Nuclear Engineering was 
sponsored by the Atomic Energy Commission. 
Excellently organized by Henry H. Hausner, Con- 
sultant to Sylvania-Corning Nuclear Corp., this 
volume is an invaluable reference for those who 
are acquainted with today’s powder metal advances, 
and also for those who are now becoming involved 
with the tremendous potential of this essential 
aspect of metals technology. 


METALS FOR SUPERSONIC AIRCRAFT 
Dealing with the thermal thicket concisely 


This important new book is the most complete 
collection of scientific and engineering information 
on what happens to metals in air vehicles and 
missiles during high-speed flight. In twelve chapters 
and five appendices, twenty-two authors deal with 
the metals problems that will determine the rate 
at which these new vehicles and missiles can be 
developed. Dealing primarily with the thermal 
barrier, the thermal thicket, this book emphasizes 
the need for study of environments formerly un- 


aspects of thorium. .. . truly a comprehensive study. 

Today, the importance of thorium lies not only 
in its impending exploitation as a source of energy, 
but also in the inevitable numerous and varied, new 
and broader industrial applications certain to be 
created. Learn all that is new about this essential 
metal. Order your copy, for reference and study, 
today. $10.00—397 pages—6x9—red cloth—185 
illustrations. 


SHORT-TIME, HIGH-TEMPERATURE TESTING 
A dramatic unveiling of new equipment and current developments 


be analyzed; all techniques can be compared. 

This is a valuable book for test laboratory, 
structural and metallurgical engineers, and de- 
signers and thermodynamicists. It is the only book 
available on this new realm of testing and offers the 
combined knowledge of eleven authors . . . each 
an authority in his field. Don’t delay, order your 
copy now. $6.00—137 pages—6x9—red cloth—illus- 
trated. 


POWDER METALLURGY IN NUCLEAR ENGINEERING 
An invaluable reference to today’s powder metal advances 


Fifteen outstanding chapters include such vital 
topics as New Methods of Powder Metallurgy, 
General Metallurgical Problems in the Design of 
Nuclear Reactors, Alloying by Powder Metallurgy, 
and Safe Handling of Pyrophoric and Radioactive 
Metal Powders. For all that is known and for all 
that is new in powder metallurgy for nuclear engi- 
neering, send for your copy today. $8.50—275 pages 
—6x9—red cloth—illustrated. 


AND MISSILES 


and comprehensively 


known or of only theoretical interest. It emphasizes 
that rapid advances in development of vehicles and 
missiles have made it urgently necessary to learn to 
cope with these environments. 

This complete documentation of the problems 
facing metallurgy and design, fabrication and test- 
ing, this study of progress to date, should be in 
your library for reference and study. $7.50—432 
pages—6x9—red cloth—illustrated. 


ORDER NOW — POSTAGE PAID 


ASM Technical and Engineering 
Book Information Service 
Metals Park, Novelty, Ohio 


Please send ..................... copy(s) of: 

The Metal Thorium @ $10.00 ea. (J 

Short-Time, High-Temperature Testing @ $6.00 ea. () 
Powder Metallurgy in Nuclear Engineering @ $8.50 ea. () 
Metals for Supersonic Aircraft and Missiles @ $7.50 ea. () 


Bill me: 2 Bill my company: () 


Or enclosed find $........ 
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This ‘s 2 regicnal event of national significance, importantap YOU becatisge it demonstrates new 


developments, new tools, new technigtes and processes . moortant tc 

it brings into focus every ingredient cf the Southwest's upsurge in industrial ¢ 

Dallas is 8. convenient centerpoint ia vast inciustrial trade area that Spans a 
radius from Albuquerqy 


e to St. tiwis to Birmingham 


so Dallas is the plece to be in 
May of 1960 for an opportunity to increase your knowledge of 


metas ang processes . . 
to attend:important technical seasigns of ASM and the Society for Nondest: 
Tour the colorful exhibits of leading southwestern ang mationa! 


oti 


rms. Plan mow to attend. 


EXPOSITION and CONGRESS 
AMERICAN SOCIETY FOR METALS 


Metais Park 


Nove'ty, 


FEBRUARY 1960 
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Andrew J. Syska, 
Hayes Research & Development 
Engineer Reports .. . 


KNOW-HOW iS VITAL 
IN GAS AND 
LIQUID DRYING 


When we developed the Molecu- 
Dryer®—a unit specially designed 


drying, sweetening, and purifying 
capabilities of Linde Company’s 
Molecular Sieves—our chief inter- 
est was in drying protective atmos- 
pheres (hydrogen, dissociated am- 
monia, etc.) for metallurgical work 
—to dewpoints well below —100°F. 
A natural outgrowth of the Molecu- 
Dryer was the Nitro-Gen* —an au- 
tomatic cycling generator which 
produces low cost, high purity ni- 
trogen for blanketing, purging, pro- 
tecting. Our engineering people have 
also explored whole new worlds of 
gas, liquid, and atmosphere drying 
and separating problems. 


NEW DRYING NEEDS 
APPEAR DAILY 


In manufacturing transistors, for 
example, the Molecu-Dryer has 
been able to effect big economies by 
supplying moisture-free air in place 
of tank nitrogen to protect tran- 
sistor assembling and sealing opera- 
tions. Other current projects: in- 
strument air drying, gaseous CO2 
drying, gas separating . . . also dry- 
ing and separating of liquid or 
gaseous hydrocarbons. 


| EQUIPMENT DESIGN 
IS DYNAMIC! 


Each new area of work has ne- 
cessitated engineered application of 
standard or special Molecu-Dryer 
models, to provide optimum ad- 
sorption efficiency, top capacity at 
minimum equipment cost, job-coor- 
dinated cycle times, and fast desorp- 
tion and cooling. 


For a comprehensive picture of 
the Molecu-Dryer, write for Bul- 


letin 5703. *Hayes TM 


HAYES, inc. 


802 Wellington Avenue * Cranston 10, R. I. 
Established 1905 
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While working on the development of a new gas dryer using 
Linde Molecular Sieves, Herbert Westeren became familiar with 
many of the new synthetic crystalline compound's characteristics 
and capabilities as an adsorptive agent in atmosphere generators; 
the result is his informative 
article on p. 75. Assistant 
director of research at C. I. 
Hayes in Providence, R. I., he 
is concerned with the develop- 
ment and application of new 
techniques and equipment for 
industrial heat treating and 
for generation of protective 
atmospheres. 

After serving in the Mer- 
chant Marine during World 
War II (he holds an unlimited 
steam and diesel engineer's 
license), he returned to C. I. 
Hayes as a foreman, and in 
1955 joined the research de- 
partment where he has helped 
design and develop such equip- 
ment as the “Molecu-Dryer.” 

Whenever possible, he likes to relax with his family, following 
closely his son’s Cub Scout activities, boating on Narragansett Bay 
with his daughter, gardening a little, and — when time allows — 
taking short automobile trips. 


M. L. Samuels, author of the article on hydroforged pipe (p. 69), 
has spent many years making a diligent study of solidification 
mechanism, microstructures, and the relationships between micro- 
structures and various mechanical properties. For some years now, 
centrifugal casting has been his primary concern and he has ini- 
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tiated several types of centrifugally cast dual metal products. In 
the photo below he is examining a seamless dual or bimetal pipe, 
consisting of a low-alloy steel outer layer and a Type 304 stainless 
inner layer, hot extruded from a dual metal centrifugal casting 
similar to the large ring shown flat on the table. 

Mr. Samuels spends his off-hours tree farming—he’s a member of 
the Forest Farmers Assoc. and his interests extend to related fields 
— timber, soil and wild-life conservation. He has also been a 
member of A.S.M. for nearly 25 years. 


J. A. Houck, D. N. Williams and R. I. Jaffee (below), all non- 
ferrous physical metallurgists at Battelle Memorial Institute, teamed 
up on the research that led to a new class of lead-base dispersion 
alloys (see their article on p. 79). The new concept, which grew 
out of work in the solid-liquid field, is an extension of their previous 
studies on dispersion strengthening of many conventional metals. 


Dr. Jaffee, chief of the nonferrous physical metallurgy division, 
has had a prominent part in the application of new concepts in 
metallurgy to the tonnage nonferrous metals as well as working 
with less common metals. He took part in the development of 
many titanium alloys and guided the research that revealed the 
significance of hydrogen in titanium embrittlement. Currently, 
he and his colleagues are carrying out studies on columbium, 
tungsten, molybdenum, zirconium and other refractory metals. 

Dean Williams joined Battelle five years ago and his research 
work has included alloy development of titanium and refractory 
metals, studies on titanium embrittlement, and development of 
dispersion alloys. Jerry Houck has been associated with the de- 
velopment of titanium and refractory alloys and has participated 
in other nonferrous studies. 


The two metallurgists pictured on p. 226, K. T. Ziehlke and W. S. 
Dritt, are two-thirds of the three-man team responsible for the 
article on heat treating electroless nickel coatings (p. 84); the other 
author, C. H. Mahoney, was on vacation when the photo was 
snapped. All three are members of the metallurgy department in 
the Oak Ridge Gaseous Diffusion Plant, operated by Union Car- 
bide Nuclear Co, Mr. Mahoney, who joined Union Carbide in 
1948, is superintendent of the department and has a varied back- 
ground in metallurgy with emphasis on light metals and foundry 
operations. Mr. Ziehlke and Mr. Dritt joined the organization in 
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IT’S NOT 
“HOW THIN” 


BUT 
HOW EXACT! 


With the recent trend in strip metal 
towards thinner and thinner gauges, 
Somers, a pioneer in thin strip for 
nearly 50 years, is naturally among 
the leaders in rolling ultra-thin strip. 
But in addition to rolling production 
quantities of strip as thin as can be ob- 
tained anywhere in the world, Somers 
utilizes exclusive techniques and equip- 
ment to make sure that every foot 
of meta! is up to the most exacting 
standards. 


1. Accu-Ray nuclear 
gauging to assure ab- 
solute uniformity of 
thickness throughout. 


2. Unique rolling mill 
for strip from .001” 
down, makes possible 
extremely close con- 
trol of the final pre- 
anneal temper, and 
uniform accuracy of 
the final temper. 


3. Experience exclu- 
sively with thin strip 
metals gives Somers 
NEARLY an unmatched back- 

round in engineering 
FIFTY Shre-thin strip to meet 
YEARS all special require- 
ments. 


on EXACTING STAN DARDS on, 
t r 


Somers Brass Company, Inc. 
106 BALOWIN AVE., WATERBURY, CONN. 
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Cleaning Problem? 
SONOCEN, 
Ultrasonic Cleaners by 


BRANSON 


may be your answer! 


Y2-gallon and larger 
benchtop models, and 
(illustrated) 5- and 12- 
gallon self-contained 
rollaround units. 
Bulletin S-509,S-217B 


Built-in cabinet-type wash- 
and-rinse cleaning systems. 


Bulletin S-233A 


Modular cabinet-type systems with 
Cleaning, Filter / Heater / Recirculator, 
Rinsing, and aun units. 

Bulletin S-236 


jj 


Custom-engi- 
neered cleaning 
installations: for 
batch and con- 
veyorized clean- 
ing, and for con- 
tinuous-flow 
cleaning in strip 
and wire mills. 


Bulletin $-235 


Branson offers experienced counsel in 
adapting the flexibility of SONOGEN® 
Ultrasonic Cleaning Equipment to your 
needs. Tell us the problem, and we'll 
follow through from planning and in- 
stallation to maintenance, with factory- 
trained specialists available nationwide. 


Send Coupon to BRANSON ULTRASONIC CORPORATION 
6 Brown House Road, Stamford, Connecticut 


BRANSON: Send SONOGEN® Bulletin 
NAME 
ADDRESS 
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1950 and are supervisor of metallurgical development and metallog- 
raphy and supervisor of plant equipment problems, respectively. 
Mr. Ziehlke’s spare time centers on his family (he has four 
children, ranging in age from two months to seven years) but he 
also finds time out for various aspects of nature study, including 
astronomy, minerology, botany and tropical fish. Mr. Dritt is 
another family man (he too has four children) and is currently 


expanding and remodeling his government-built house. Photog- 
raphy, anthropology, civil defense and tinkering with hi-fi are 
some of his side interests. A native of Kentucky, Mr. Mahoney's 
civic interests include the Rotary Club and a directorship in the 
Oak Ridge Boys’ Club. As a true Kentuckian, he is generally re- 
garded as an authority on thoroughbred horses and fine tobacco. 


Philip C. Rosenthal, one of the authors of the article on how 
boron affects corrosion of Type 304 stainless, has been a professor 
of metallurgy at the University of Wisconsin since 1945, serving as 
chairman of the department for the past four years. Before that 
time, he spent a total of six 
and a half years at Battelle 
Memorial Institute (where he 
worked in process metallurgy 
under Clarence Lorig), with 
four years as instructor at 
Wisconsin sandwiched in be- 
tween. His current metal- 
lurgical interests are in appli- 
cations of internal friction 
measurements to physical 
metallurgy problems, and 
grain boundary degredation. 

In addition to serving as 
chairman of the Milwaukee 
Chapter @ he is on the Board 
of Directors of the A.F.S. Wis- 
consin Chapter. 

For hobbies he likes to think about fly fishing and do some fly 
tying when time is available. During the winter, an occasional 
ice fishing excursion on nearby Lake Mendota is used as an excuse 
to get some exercise. 
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W. A. Black’s primary inter- 
ests are nondestructive testing, 
welding and automatic control 
— interests in strong evidence 
in his article for Metal Progress 
on nondestructive testing in a 
steel mill (p. 104). He joined 
Republic Steel Corp. 30 years 
ago and now is assistant direc- 
tor of research in charge of 
the electromechanical research 
center in Cleveland. Other in- 
terests include the volunteer 
fire department, the school 
board (he has been president 
for many years), and farming, 
specializing in maple syrup. 


One of H. W. Parker's first 
jobs when he joined IBM three 
years ago was to help plan 
the new heat treating and 
plating facilities in Rochester, 
Minn. One of the problems 
confronting the planners was 
the uneconomic disposal of 
waste water from processing 
operations. How IBM effec- 
tively reduced costs in rinsing 
operations is related by Mr. 
Parker in his article on p. 82. 
Joining IBM Rochester as an 
advisory engineer in the ma- 
terials laboratory (with a back- 


ground of 20 years in metallurgy), he serves as a consultant for 
materials selection, heat treating and finishing problems. 


A well-founded background in brazing is the basis for R. R. Rup- 
pender’s article on high temperature brazing experiments (p. 95). 
A manufacturing engineer and brazing specialist in the production 


engine department of General 
Electric Co., Cincinnati Ohio, 
his work has covered such areas 
as designing and building a 
vacuum brazing furnace, devel- 
oping a process for brazing the 
rocket thrust chambers of the 
Vega space vehicle, and writ- 
ing a 270-page manual on high- 
temperature brazing applica- 
tions. Before coming to G. E., 
he was associated with Ferro- 
therm Co. in Cleveland and 
helped establish a new division 
for manufacturing brazed air- 
craft components. 
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WE OFFER 


Ultra-Pure 
Yttrium 
Highly Ductile 


In Quantities 
from Grams to 
100 Lb. Lots. 


In Sponge Form 


or in Ingots 
1 Inch By 5 Inches. 


ALSO 
VERY HIGH 
PURITY 
CHROMIUM 
POWDER 


From Lb. Quantities 
to Ton Lots. 


Screen Cuts, 30 
Mesh Down. 


Gadolinium and other 
earth metals of high purity can 
be produced on order. 


LUNEX COMPANY 


PLEASANT VALLEY, 
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KABLE PRINTING COMPANY 


THE ELECTRIC co. 


| GAS + OIL + ELECTRIC | OIL ELECTRIC 


Chain Belt Conveyor Furnaces 


for scale-free hardening, carbon restoration, carburizing, carbonitriding 
or non-decarb heat treatment of — bolts, rivets, springs, bearing cups 
and races, and a wide variety of other small and medium size parts. 


The material to be treated is 
loaded directly onto the specially 
designed, long wearing, heat re- 
sisting, cast alloy link conveyor 
belt; is carried through the furnace; 
uniformly heat treated; and dis- 
charged automatically through a 
sealed chute to EF continuous 
quenching equipment ;—and either 
carried on through washing equip- 
ment and draw furnace, or passed 
directly to tote boxes. No pans or 
trays are needed thus avoiding 
heating this additional weight, 
and assuring high fuel economy. 


Furnished in 15 standard sizes, 
capacities from 175 to 3,000 lbs. 


per hour giving you a wide range 
to choose from, assuring prompt 
delivery and minimizing charges 
for new engineering. Gas or oil 
fired radiant tube—or electrically 
heated—whichever suits your 
requirement best. 


The furnace is usually furnished 
complete with EF special atmos- 
phere generating equipment; oil, 
water or dual oil and water quench; 
washing equipment and all needed 
material handling facilities. 


Ask us also about our wide ex- 
perience in designing and building 
wire mesh belt, car bottom, roller 
hearth, roller rail, catenary, bulk- 


head tray, walking beam, bell, pit, 
rotary, screw me other types of 
furnaces for annealing, normaliz- 
ing, galvanizing, coating, brazing, 
sintering, billet heating, mallea- 
blizing and other heat treatments. 


For any ferrous or non-ferrous 
furnace heat treating project you 
will find “‘It pays to call the EF 
heat treating engineers’’. Let us 
work with you on your next project! 


SEND FOR BULLETIN NO. 591 
Twenty pages. It illustrates 

and describes the many dif- 

ferent types of furnaces we 

build, and the applications 

in which each is used. 

Write for your 

copy TODAY! 


THE ELECTRIC FURNACE co. 


Gas-fired, Oil-fired and Electric Furnaces for Heat Treating any Prod 


uct, Using any Process, any Hourly Output. 
200 West Wilson sweet Cheo 
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“Bagged alloys help keep our inventories straight” 


Chief Clerks report: Monthly alloy consumption from furnace sheets 
closely checks with month-end inventories when ELECTROMET 
bagged alloys are used. Bags eliminate handling losses, aid 


inventory control, and help keep a cleaner furnace floor. Write for this new ? 
folder outlining 

Melters report: More accurate ladle additions can be made with bagged alloy 

ELECTROMET bagged alloys. Result: More on-grade heats and advantages and 


closer control over deoxidation. Bagged alloys also yield specifications. 


10 to 15 per cent higher recoveries in the ladle, cutting alloy costs. 


For more information, contact UNION CARBIDE METALS, 
producer of more than 100 alloys—11 supplied in bags. 


UNION CARBIDE METALS COMPANY, Division of Union Carbide 
Corporation, 30 East 42nd Street, New York 17, N. Y. 


In Canada: Union Carbide Canada Limited, Toronto. Electromet Brand Ferroalloys 
and other Metallurgical Products 


UNION 


METALS 


The terms “Electromet” and “Union Carbide” are registered trade marks of Union Carbide Corporation. 
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